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The Scientific Papers IT isa matter of profound congrat- 
of Maxwell, ulation to the scientific world that 
now, at last, more than a decade after his lamented death, 
the priceless researches of James Clerk Maxwell are given 
to the public in collected form. The elder generation of 
physicists that knew and loved the man, and the younger 
one that has learned to revere his work, may now have the 
fortune to read the magnificent memoirs that have until 
to-day been imprisoned in the periodicals and transactions 
of societies unfortunately beyond the reach of most 
who would value them. The work that is at 
once the splendid memorial of a unique genius and the 
record of his life of ceaseless investigation, announced some 
years ago, has at last been issued from the Pitt press and 
will soon, we hope, be brought to the hands of American 
readers. Enough cannot here be said of the importance of 
the work or its immense value to the thoughtful student of 
physical science. 
The Nestor of WE publish elsewhere an after-dinner 
-the Telegraph. speech that possesses a degree of gen- 
eral interest seldom found in the offhand remarks that 
grace the intellectual exercises at a banquet. The occasion 
was the late dinner of the Magnetic Club, and the speaker 
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was Dr. Norvin Green, the president of the Western Union 
Telegraph Company. It isseldom that in a single man’s 
lifetime is crowded so much of the development of 
a complex civilization. As Dr. Green said, he 
was a country doctor riding around on a pair of 
pill bags before there was a telegraph line in exist- 
ence. To-day the extent of the immense system of 
which he is the universally respected head is 
known to all of us. Dr. Green has seen the art of teleg- 
raphy from its very beginning, and of its continued 
growth he has beena part. From that first experimental 
line he has watched the great network of lines spread 
from end to end of the country, reaching under seas and 
across continents, and linking the civilized world together 
into an integral whole. The rise of other electrical in- 
dustries has been an incident of his old age, and the brief 
retrospect to which he treated his friends on the occasion 
of the Magnetic Club dinner is singularly characteristic 
and suggestive. 


Artistic Elec ON another page may be found a de- 
tricity. tailed account of the electric illumi- 

nation of a particularly fine steamboat. The ‘‘ Plymouth,” 
the latest addition to the Sound fleet, is certainly an ex- 
ceptionally beautiful craft, and nowhere is better taste 
shown than in the artistic arrangement of the electric 
lights. The introduction of the incandescent lamp has, in 
fact, rendered possible the combination of beauty with 
utility in everyday illumination. So long as lamps and 
gas were the only available refuge from darkness, the ne- 
cessities of construction stood in the way of obtaining 
lighting at once efficient and beautiful. Lamps cannot 
be safely placed in inaccessible situations, or multiplied 
in number without great inconvenience. Nor can gas 
pipes be carried freely throughout § an_ interior, 
and at the best the gas flame must point upwards, or 
nearly upwards, so that to a very great extent the direc- 
tion of the possible lines of ornamentation is determined by 
this given fact. With the incandescent lamp everything 
is changed. Lights can be placed wherever it seems 
desirable on the score of usefulness or of beauty, and in any 
position which the taste of the designer may designate. 
The result of this greater freedom in possible use has been 
making itself felt as electric light has come into greater 
and greater use, and the result is nowhere better exhibited 
than in the graceful fixtures which we find on board the 
**Plymouth.” Weare only beginning to understand what 
can be done with the electric light. Such examples as the 
present, and the magnificent illuminated towers which 
have been recently designed, show,the immense possibili- 
ties of what is really an art of illumination, destined to be- 
come a specially important part of decorative arcitecture. 


The Problem of PROF. NICHOLS’ recent address before 
Tilumination. the New Ycerk Electric Club, which 

we take great pleasure in giving to our readers this week, 
is really a notable addition to the literature of the theory 
of lighting, both because its author has made an elaborate 
study of the methods of artificial illumination, and because 
this special paper is replete with interesting experimental 
data. The life history of an incandescent lamp is only too 
evidently not a subject for congratulation. The decrease 
of efficiency under continued use, the increase in resist- 
ance which accompanies and probably causes it, and 
the low efficiency of the incandescent filament 
even at its very best, make the outlook for marked im- 
provement in incandescent lamps by no means encour- 
aging. It is, indeed, very probable that we may have lamps 
of much greater efficiency and longer life than at present, 
but in the struggle to produce an ideal method of illumi- 
nation the vantage ground thus gained is extremely 
small. Even if the efficiency of the incandescent 
lamp were doubled, so as to become equal to the elec- 
tric arc, we should still be unpleasantly aware that 9% 
per cent. of the initial energy of the fuel is 
wasted at various points between its oxidation in 
the furnace and the final transmutation of the electric 
current into luminous energy at the lamp. Whether im- 
proved methods of flashing may vastly lessen the deterio- 
ration of a lamp filament and increase its efficiency is then 
an insignificant question beside the problem of saving the 
enormous amount of energy that is frittered away in non- 
luminous heat. The brilliant researches of Langley may 
bring us to a realizing sense of what nature can do in the 
way of economical illumination, and Professor Nichols, in 
addition to this, points out that of ordinary illuminants we 
possess in the magnesium lamp a method of obtaining 
a clear white light at 40 times the efficiency given by 
gaslight. When we note in addition that magne 
sium at 67 cents a pound would compete in point 
of economy with gas at $1 a thousand, and give a far better 
light besides, we can appreciate more than ever what 
might be done, what perhaps will be done, in the way 
of improvement, and bearing in mind the immense reduc- 
tion in the cost of sodium that has been effected by im- 
proved processes of manufacture, it may be that the mag- 
nesium light is not altogether a thing of theoretical 
luminosity. A magnesium light obtained in the ordi- 
nary way is, however, objectionable on account of 
the cloud of particles of magnesium oxide that accom- 
pany it; and one problem that may perhaps be fairly 
set before the electrician is to devise some means of 
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exciting metallic oxides to luminosity without the 
agency of chemical action. And aside from this there 
may be other electrical methods of illumination like 
modifications of the Geissler tube, not unworthy of 
investigation. We commend this paper to the careful 
study of electrical engineers. It certainly points a moral, 
and cannot fail to stimulate the active mind to intensified 
exertion, showing as it does the great work that still re- 
mains to be accomplished. 





The City and South THE opening of an electric suburban 
London Railway. railroad is an event that really marks 
an epoch in the advance of electric traction. Last week 
we gave a brief notice of the remarkable system just in- 
augurated in England, and to it we can now fortunately 
add something concerning the details of construction and 
operation. On another page will be found a description of 
the system and cuts of the apparatus employed. From the 
construction of the tubular tunnels, which involved en- 
gineering problems at first complicated and afterwards 
rendered doubly difficult by obstacles quite unforeseen, 
down to the final details of the machinery, the City and 
South London Railway has been skillfully planned and 
carefully executed. For the electrical portion of the work 
Dr. Edward Hopkinson stood sponsor—a sufficient guaran 
tee that nothing would be left undone that could tend to 
secure the best results. Starting from the power station 
we find everywhere evidence of careful design. At that 
initial point are three 200,000-watt dynamos of the very 
efficient Edison-Hopkinson type. Counter-shafts have been 
dispensed with and each dynamo is belted direct to its in- 
dividual engine. Further, the engines are compound, ar- 
ranged for an unusually wide range of cut-off, from zero 
up to three-quarters stroke. To take care of extreme 
variations of load a specially powerful governor is pro- 
vided. All this is certainly in accordance with the best 
present practice, and the minor parts of the plant seem to 
have been designed and arranged with the same skill and 
forethought. lt is in the line work and in the electric loco- 
motives that we may find most of interest. The third rail 
system of supply is used, and under the circumstances this 
is admirably suited to the purpose. In ordinary street car 
work a third rail is in most places quite impracticable and 
always disadvantageous. But in a closed tunnel, free from 
dust and mud, and no longer presenting any obstacle 
to travel, all the ordinary objections quite disappear and 
the method becomes highly desirable. Here, too, the steel 
conductor, preferable for the double reason of strength and 
cheapness, does not, by reason of its size, present the dif- 
ficulties of insulation that might be met in the open air. 
In fact, the tests of leakage show very conclusively that 
the insulation is very satisfactory. We are inclined to 
think, however, that there is little or no advantage in the 
sliding shoe collector. A _ rolling trolley is_prefer- 
able unless a scraping contact is necessary to keep 
the working conductor clean, which should hardly be the 
case under the circumstances. In the locomotive there are 
many points of interest. In the first place, all gearing, that 
most fruitful source of noise, wear and loss of efficiency, is 
completely dispensed with and the armature is mounted di- 
rectly upon the axle. We long ago put ourselves on record 
in favor of this arrangement whenever practicable, and it is 
gratifying to find Dr. Hopkinson putting it into use on this 
pioneer electric railroad. This method of applying the 
torque directly where it is wanted has the advantage both 
of great simplicity and maximum efficiency. The real 
working efficiency of the geared motors now used on 
tramways is now well known to be hardly 70 per cent. in 
spite of the best electrical design, but thus avoiding gear- 
ing makes 90 per cent. a figure quite attainable. That it 
can be reached in these two-pole motors of but 50h. p. 
shows plainly enough that this is the proper solution of 
the difficulties that have been encountered in driving 
mechanism. At the speed for which these locomotives 
were designed, this method, practicable even with two- 
pole motors would, however, probably give somewhat bet- 
ter results were a four or six-pole machine employed. 
The result would be a much lighter locomotive, still pcs- 
sessing ample tractive power. At the same time 
a much higher voltage could have been used with advan- 
tage, both as respects line and motor efficiency. Six or 
eight hundred volts is not at all too high to employ for 
such work, and 450, the voltage adopted, is certainly need- 
lessly low. In many respects, American influence has 
made itself felt in the general equipment of this suburban 
road. The long cars with bogie trucks and platforms for 
the guards shut in with gates, the abolition of taking up 
tickets, a single class of cars—all these would make an 
American using the road feel very much at 
home. It would suggest to him the familiar 
elevated roads, but he would be compelled to remember 
with chagring that these are still operated by locomotives 
that fill the air with noisome smoke and the streets with 
cinders. He would note, too, that this English road is 
equipped under a guarantee of operating expenses that 
compares very favorably with direct traction by locomo- 
tives. It is perhaps well to gain experience at the expense 
of others, but it is hardly a usual characteristic of Ameri- 
can enterprise to let even English engineering skill lead the 
way in important electrical developments. Let us hope 
that this lesson may not be lost on our railway managers, 
and that they will awaken to the fact that the locomotive 
has a rival, 
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Latest Foreign Electrical News. 


(By Cable from Our Regular Correspondent.) 

Lowpon, Nov. 24, 1890.—On the morning of the 15th 
ihst. a destructive fire occurred in the Grosvenor Gallery 
electric light station, resulting in very large pecuniary loss 
through damage sustained by the generator and that re- 
sulting from the shutting down of 40,000 lights, which was 
made necessary by the accident. The trouble was caused 
by an employé who was switching in transformers by means 
of a plug switch. He became frightened at the spark 
caused at the making of contact and withdrew the plug, 
with the result that an arc caused by 5,000 volts pressure 
was drawn across the terminals of the switch. 

The Leeds Council has granted permission for the in- 
stallation of an experimental Thomson-Houston electric 
railway system to be operated on the Park line. Permis- 
sion has also been granted to the Kew-Uxbridge Road line 
for the installation of a Lineff system, to be three miles in 
length, 

The Conversazione of the Institution of Electrical Engi- 
neers on the 19th inst. was a brilliant affair, about 1,000 
people being present. At the Institution dinner, given on 
the 20th, about 150 were present. Among the speakers 
were the Postmaster-General, the Attorney-General, the 
President of the Society, Mr. W. H. Preece, and Coleman 
Sellers. More than one of the speakers referred enthusias- 
tically to the generous and magnificent reception which 
had been accorded to the iron and steel men during their 
recent visit to America, 
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NEW BOOKS. 


ELectTrRIcITy IN DaiLty LiFe. 288 pp., 125 illustrations. 
New York: Charles Scribner’s Sons. 1890. 


This volume is a reprint of a series of ten papers which 
have recently appeared in Scribner’s Magazine. The ten 
chapters with their authors are as follows: ‘‘ Electricity 
in the Service of Man,” by C. F. Brackett; ‘‘ The Electric 
Motor and its Applications,” by Franklin Leonard Pope; 
‘The Electric Railway of To-Day,” by Joseph Wetzler; 
** Electricity in Lighting,” by Henry Morton; *‘ The Tele- 
graph of To-Day,” by Charles L. Buckingham; ‘‘The Mak- 
ing and Laying of a Cable,” by Herbert Laws Webb; 
‘Electricity in Naval Warfare,’ by Walter S. Hughes; 
‘Electricity in Land Warfare,” by John Millis; ‘‘ Elec- 
tricity in the Household,” by A. E. Kennelly; ‘‘ Electricity 
in Relation to the Human Body,” by M. Allen Starr, M. D. 
The book is finely printed on excellent paper, the illustra- 
tions are well executed, and each chapter will be found to 
contain a very readable account of the subject with which 


it deals. 
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Moonlight Tables for December. 

Herewith we give Mr. H. W. Frund’s table of lighting 
hours for the month of December, under his modified form 
of moon schedule, 

Schedule for December, 1890. 


TABLE NO, 1. TABLE NO, 2. 
Standard Moonlight Frund’s New Moonlight 
Philadelphia System. System. 
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é Total hours lighting, 306.55. 


The Lighting of the “Plymouth.” 


About seven years ago we described in our columns the 
installation of an Edison lighting plant on board the 
steamer ‘‘Pilgrim” of the Fall River Line, which runs be- 
tween New York City and Fall River, Mass., passing 
through Long Island Sound. At that time the substitu- 
tion of incandescent lamps on shipboard for all other 
methods of illumination was something of an innovation. 
The management, however, was completely satisfied with 
the results obtained from this plant, which was in a 
certain sense an experimental one on a large scale, and 
when six years later the ‘‘Puritan,” the companion boat of 
the * Pilgrim,” was equipped with incandescent lights by 
the Edison Company the greatest liberty was given by the 
managers to that company in the production of novel and 
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artistic effects by ‘‘the adaptation of the incandescent 
light to the most advanced and exatting ideas of decora- 
tion.” How well this idea was carried out in the 
arrangement of the incandescent globes and their sup- 
ports by Bergmann & Co., of this city, who designed 
and manufactured ali of the handsome and orna- 
mental fixtures on that boat, is well known to our 
readers, as the entire equipment was illustrated in 
THE ELecrrRIcAL WorRLD of Aug. 8, 1889. The general 
scheme of decoration was in the style of the Italian 
renaissance and not only in its ornamental features but in 
the electrical details as well,the entire plant indicated a 
very great improvement, as might be expected, over that 
which six years before had been placed on board the ‘ Pil- 
grim.” 

So satisfactory have the ‘ Pilgrim’s ” decorative features 
proved to the managers of the Fall River Line, as well as 
to its patrons, that they have been almost exactly dupli- 
cated on the ‘‘ Plymouth,” the new and magnificent 
steamer that has just been added to the line, and is now 
plying back and forth between New York City and Fall 
River. The dynamo and engine plant of this latest addition 
to the fleet of the Old Colony Steamboat Company is, 
however, entirely different from that which is found upon 
the other boats of the line. 


The illustrations on the opposite page will give the 
reader some idea of the steam and electrical plant of the 
boat and of the elaborate and highly ornamental decora- 
tive features which are rendered possible only by the use 
of the incandescent lamp as a source of light. The entire 
electric lighting plant of the ‘‘Plymouth” was put in by 
the Edison General Electric Company of this city, under 
the supervision of Mr. W. H. Pierce. The general design and 
arrangement of the plant, however, together with many 
important details, are due to Mr. George Pierce, the super- 
visor of the Old Colony Steamboat Company and the de- 
signer of the ‘‘Plymouth.” His aim has been to make the 
plant a typical one, not only in completeness and relia- 
bility, but in the convenience and the readiness with which 
repairs may be made. He has endeavored, regardless of 
first cost, to make the ‘‘Plymouth” plant a stand- 
ard one, to which all future installations may be made 
in general arrangement to correspond. How well he has 
succeeded in this undertaking can only be fully appre- 
ciated by a careful examination of the plans and details of 
the work as they have been carried out under Mr. Pierce’s 
own direction and in accordance with his specitications. 
Some idea, however, of the completeness of the work may 
be obtained from the accompanying illustrations and de- 
scription. 

The dynamo room is located on the port side of the ship 
between the engine frame and the hull, and contains a pair 
of Edison standard marine dynamos, connected direct 
through flexible Brotherhood connections to vertical Ball 
engines. The dynamos are of the multipolar type, having 
eight poles set around the circumference of the armature, 
the four external poles shown in the illustration being of 
one polarity, and the four internal ones of the opposite 
polarity. The Gramme ring armature is three feet four 
inches in diameter and is driven at a speed of 400 revolu- 
tions per minute. It will be seen that this gives the con- 
ductor, or inductor, as it is sometimes called, on the out- 
side circumference of the armature a speed of between 60 
and 65 feet per second, or about 4,100 feet per minute 
The commutator is of very large diameter, and has a great. 
number of sections of ample length. 


Each dynamo has a capacity sufficient for 700 lights or an 
output of 400 ampéres at a pressure of 115 volts. The com- 
mercial efficiency of the machine is 89 per cent., and it is 
designed to run at full load with a maximum increase of 
temperature of only 86 degrees above the temperature of 
the surrounding air, which in the ‘‘Plymouth”’ is not as in 
some cases on shipboard a very high figure. Each dy- 
namo weighs about 6,500 pounds, the armature alone 
weighing 1,950 pounds. The dynamos are compound 
wound and are so.nearly self regulating that the maximum 
variation in the characteristic curve of the machines 
obtained by test was one volt. The compound Ball engines 
are rated at 65 h. p. each, are suppliea with steam at 120 
pounds pressure, and make 400 revolutions per minute. 
Even at this speed there is no throwing of oil and on this 
account the surrounding parts are easily kept in a clean 
and ‘‘ship-shape” condition. Thorough lubrication is 
provided for all the bearings, those,on the dynamos being 
of the standard Edison self-oiling type. 


Each engine with its dynamo stands upon a single bed 
plate and the space occupied by the combination is re- 
markably small. The floor space of each bed plate is only 
12 feet 8 inches long by 2 feet 10} inches wide and the 
distance between the two bed plates is 25} inches. The 
entire floor space therefore occupied by the dynamos and 
engine plant for lighting the entire ship is but about 110 
square feet. It will thus be seen that one of the most rigid 
requirements of electric lighting on shipboard, viz., econ- 
omy of space for a given output, has been well considered 
and admirable results obtained, 

The switchboard, shown on the opposite page, is fitted 
with four switches, one on the positive and one on the 
negative lead of each machine, mounted upon a marbleized 
slate back. The two negative switches are connected to a 
common lead and the two positives are similarly connected. 
The dynamos are thus joined in parallel when both are in 
circuit. The switchboard is entirely open at the 
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back and easily accessible for repairs. The two-wire 
system is used throughout the ship, Below the 
main deck wherever moisture might be present lead- 
covered wires and brass junction boxes are used. 
In all other places Habirshaw marine core wire is used. 
All cut-outs are of porcelam placed upon slate blocks. 
Every switch and cut-out has its distinguishing number, 
and these are made a matter of record so that in case of 
trouble with any lamp its switch, cut-out and circuit may 
be immediately traced out on the diagram of the installa- 
tion which is photographed and placed in a large frame in 
the engine-room. 
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On the Theory of Compound Winding for Constant. 
Potential.* 


BY DR. LOUIS BELL. 

I wish to preface this paper by stating that there is in iit 
nothing revolutionary, nor any radically novell at- 
tempt to treat a problem that has already been treated by 
more skillful hands than mine. It is simply an effort to: 
bring the theory of compound winding to a practical basis,. 
indulging in no complicated formule and introducing no: 
constants that cannot be conveniently determined in prac-- 
tice. To this end I shall consider tke subject synthetically’ 
rather than analytically, starting from the plain shunt 
winding and considering those terms which must be intro-- 
duced to take account of the failure of shunt winding to: 
give constant potential. Ido not think that compound: 
winding should be considered as anything more than a: 
method of improving a shunt machine already well de- 
signed; it should certainly never be called upon to avoid 
the evil effects of bad design. 

For the systematic treatment of the subject I would in-- 
troduce the following notation, which differs slightly from 
that most often employed, but is convenient for the pur- 
pose in hand, 

Let Cx represent the current on the line ; 
C;, the current in the shunt coiis ; 
R, the resistance of shunt coils; 
r, the resistance of armature and series coils combined; 
E, the E. M. F. of the machine running light; 
e, the fall of potential due to armature resistance ; 
N, the number of convolutions in shunt coils: 
n, the number of convolutions in series coils ; 
m, the number of convolutions on armature ; 
a, b, ec, the three terms of n; 
1, the angle of lead; 
q, the magnetic resistance of machine on open circuit: 
qx, the magnetic resistance of machine at full load, and 
p, the value of qx divided by q. 

I shall consider especially the long shunt arrangement, 
though, as will be seen later, the short shunt leads to prac- 
tically the same results. 

The first and obvious cause of fall of potential at the 
terminals of the machine is due to the fact that the arma- 
ture has a resistance; as the current increases a certain 
amount of potential is absorbed in the armature, and con- 
sequently the available E. M. F, at the terminals falls. The 
amount of decrease is evidently proportional to the resist- 
ance in the armature and the current through it 

e=rc, 

To compensate this loss we must furnish an increase of in+- 
duction sufficient to produce e volts additional E.M. F. If 
the field magnets and the armature core were quite unsatu-. 
rated, that is, if we could neglect the change in permeabili-- 
ty, we should simply increase the total ampére-turns in a: 
ratio sufficient to compensate the fall in potential. Let: 
a be the series turns capable of producing this at full load,, 
neglecting change in permeability, then 
Nr 
“R- 

But the permeability decreases as we put on this addition- 
al induction. The magnetic resistance, g at the start, will 
have increased to a certain other value gx. We must 
therefore increase the number of series turns to take ac- 
court of this added resistance, and we have 


GG = 


Nr 
Oe 

It will be observed that this quantity does not have to be 
multiplied by the coefficient of leakage because we have 
simply reduced the shunt turns to equivalent series turns, 
and consequently have already included it. This formula 
will be at once recognized as practically equivalent to that 
given by Thompson in his well-known book, and at this 
point Thompson drops the investigation, merely mentioning 
incidentally some of the other causes which necessitate 
compounding. Thompson’s formula: 


S 
is not quite the same as mine for the reason that while his 
Qo is proportional to the permeability when there is no ex- 
ternal current, his g, is proportional not to the permeabili- 
ty at maximum current, but to the mean permeability be- 
tween no load and full load. Hence if Z is taken as the 
number of shunt turns required to give the desired poten- 
tial on open circuit, Thompson’s formula will inevitably 
give too few series turns for the reason just mentioned, if 
for no other. But since by adding series turns the mag- 
netic resistance is increased, the shunt winding which pro- 
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duces E volts on open circuit will not do so at full load. 
Additional series turns must then be employed to com- 
pensate for this and since the change in shunt ampére- 
turns must be from NC to NCp, the number of series turns 
tw be added to compensate for the decreased effect of the 
shunt will be 


ie NE 
= (Pp —1) 


Cx 
This term also includes coefficient of leakage for the 
same reason as before. 

It will be noticed that both a and b include the quantity 
p, and here is met the principal difficulty in effecting the 
compounding. It is my purpose to show that this quantity 
pcan be obtained from known data with sufficient accu- 
racy for the purpose in hand. It will evidently be a quan- 
tity a little in excess of unity and in practical machines may 
range from 1.05 to 1.50, although in certain cases it may 
even exceed the latter figure. Thompson gives the case of a 
certain Siemens compound machine in which p would be 
over three. This, however, must have had a very insufficient 
amount of ironin the magnets or the armature core, or 
poth. We fortunately do not have to deal with dynamos of 
such bad design very frequently. Provided we have known 
enough about the iron to be used in a given machine to de- 
vign the shunt winding intelligently, we shall also know 
enough to design the compound winding. If we have at 
hand the characteristic curve of a similar shunt machine p 
can be determined very easily from it. I give herewith 
the data for the Manchester machine described by Dr. 
Hopkinson. I have simply taken the apparent permea- 
bility from his characteristic curve. 


induction 

When magnetizing force equals 1,000, ——_———-——_--_ equals 470 
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If the permeability curve of the iron is known even ap- 
proximately we can obtain p from it quite readily. In 
Plate 1, let a b be the permeability curve. The permeability 
at noload corresponds to the point d, that at full load to 
the point f. Now lay off the ordinate d e so that the ratio 
between d e and ¢ d equals the ratio between the iron re- 
sistance and the air resistance of the proposed machine, 
then lay off from the point f the ordinate f g equal tod e, 
and draw g h. Then the ratioof the lengths h c and e ¢ cor- 
responds to the quantity p required. Plate 2, drawn from 
Hopkinson’s figures, gives numerically the change in per- 
meahility for cast iron. The figures relating to the Man- 
chester machine were, of course, for wrought iron cores 
and cast iron poles. It is thus evident that a rather 
close approximation to the value of p can _ be 
made if we know anything about the iron that we are 
going touse. Now as we shall see later, and as is indeed 
evident at the start, a and b are of about the same order of 
magnitude. Ido not think that b will ever be negligible 
in a practical machine unlers ais also negligible, and 
there is, therefore, little need for compounding. When 
the magnets are anywhere near saturation b will be much 
larger than a, but both a and b combined will not give the 
proper number of series turns for constant potential unless 
the armature is run with no lead, and therefore produces 
no demagnetizing effect. The approximate demagnetizing 
effect of the armature has been investigated by Hopkinson 
and is as follows: 


» 
,m 21 
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In other words, it is due to the convolutions included in 
twice the angle of lead. For constant potential we must 
add then c turns in series equal to 


ym 
a 


It is evident at once that a change in lead will affect the 
compounding; an increased Jead will cause the machine to 
under-compound, a decreased lead to over-compound. As, 
however, the amount of distortion in the field depends 
largely on the shape of the extremities of the pole pieces, 
the above uncertain factor in compounding can often be 
gotten rid of by a little care in designing the poles. 

It is obvious that the term c is to include the coefficient 
of leakage. Uniting now, the three terms, a, b, and c, we 
have finally, as the completed formula for compound wind- 
ing, the following: 

ial Nr- 1 RS 
R 

It now may be interesting to see how well this formula 
applies to practical machines. I regret to say that I have 
been unable to get full details of any machine which gave 
exact compounding, but I have obtained an assortment 
sufficiently large to show in a general way the applica- 
tions of the formula. 

Machine No. 1, 110 volts, 8 ampéres, over-compounded 2 
volts. For this small machine take p equal to 1.2. Ap- 
plying the formula, a equals 14, b equals 44, ¢ equals 15; 
total series turns by formula, 73 ; actual number, 90. 

Machine No, 2, 110 yolts, 3 ampéres, pyer-compounded 
8 to 5 volts. a equals 2, b equals 7, ¢ equals 7; total series 
furns by formula, 14; actual number, 98; 
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Machine No, 3, 500 volts, 20 ampéres. p equal to1.1, a 
equals 3, b equals 15, c equals 14 ; total turns by formula, 
83, actual number, 60. Machine over-compounded 8 to 5 
volts. 

Machine No. 4, 110 volts, 200 ampéres, over-corapounded 
5 volts. p equals 1.05; lead rather large. a equals 2, b 
equals 2, c equals 5; total turns required, 9 ; actual num- 
ber, 12. 

Machine No. 5, 500 volts, 60 ampéres. p equals 1.05, 
over-compounded about 7 per cent. aequals 3, b equals 5, 
c equals 4 ; total 12 ; actual number, 32. 

Machine No. 6, 500 volts, 90 ampéres. p equals 1.05 ; a 
equals 3, b equals 4, ¢ equals 4; total turns should be 11 ; 
actual number, 19. Machine over-compounded like the 
former. 

Machine No. 7, 500 volts, 150 ampéres. p equals 1.05; 
over-compounded 7 per cent. a equals 3, b equals 3, ¢ 
equals 3 ; total, 9 ; actual number of turns, 28. 

Machine No. 8, 100 volts, 30 ampéres. p equals 1.1, a 
equals 13, b equals 46, ¢ equals 25 ; total 84 ; actual turns, 
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56. Machine over-compounded about 2 volts, and the 
shunt winding did not bring the potential up to the 100 
volts intended. 

These are merely rough figures, obtained without the 
use of even the permeability curve of the iron—simply 
by estimation from permeability curves at hand. It will 
be seen, however, that all the over-compounded machines 
got from the formula too few series turns, while the under- 
compounded machine gave too many. I think that the 
discrepancy is of about the right order of magnitude, al- 
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though we cannot verify it accurately without the perme- 
ability curve of the iron. 

It remains to consider some few further points regard- 
ing compounding. If the winding is designed to give the 
potential at practically no load and at full load, it neces- 
sarily follows that at some point between the potential 
will rise; for. while the magnetizing force changes 
along a line, the magnetic resistance changes along the 
corresponding curve between the same points. 

An approximate idea of the amount of irregularity in 
potential may be gained from Plate 1. Connect in this 
diagram d and f by a straight line. From its middle point 
drop an ordinate upon the axis. The length intercepted 
between the straight line and the permeability curve then 
gives the error in compounding, by comparison with the 
total change of magnetic resistance. 

It should be noted that the formula] have given deter- 
mines the compound winding for a given assumed poten- 
tial produced by the shunt coll alone; therefore, if the 
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machine is to be run at a slightly different speed from that 
at first intended to produce this given voltage, the com- 
pounding is still correct, for it pertains to the voltage 
rather than to the speed. If the speed of a correctly com- 
pounded machine be raised and the current in the shunt 
kept constant, it will tend to over-compound. If the cur- 
rent in the shunt is allowed to increase, the change in 
resistance will decrease the relative power of the series 
coils, and the machine will under-compound. 

It now only remains to glance at some of the formule 
heretofore given. That of Thompson I have already inci- 
dentally discussed. That of Frélich (perhaps the best we 
have had) should receive mention here. Frélich takes ac- 
count of the change in permeability by intruducing a quan- 
tity f. Like Thompson, his formule involve two points of 
saturation. It should be said here that there is no special 
black magic about the half saturation point of a dynamo, 
any more than about the three-sevenths or the seven-thir- 
teenths saturation point. In very many cases it happens 
to be about the point at which the machineis used. Kapp, 
in his well known and excellent book, takes account of the 
change in permeability with a fair degree of approxima- 
tion, by the use of his tangent function. 

All these attempts at the proper theory of compounding 
depend, like the one which I have just presented, on form- 
ing some sort of an estimate on the change in magnetic re- 
sistance of a dynamo, due to adding a certain amount of 
induction. Without some approximate method of finding 
this quantity, the problem is indeterminate, and the special 
thing which Ihave endeavored to show is that from the 
data already at hand about iron, we can form a sufficiently 
close estimate of the value of the coefficient p, without 
either knowing the characteristic of the machine, or in- 
dulging in endless approximations. I hope that some 
practical designer will lookinto the values that p takes in 
his machines, and I believe that it can be readily enough 
obtained to permit of quite accurate compounding, by the 
use of the formulalI have given. The introduction of the 
terms b and c I regard as important. Their existence has 
been well known, but I do not think they have received the 
attention that I have endeavored to show they deserve. 

| NoTtE.—I am much indebted to Mr. J. B. Entz for call- 
ing attention, in the course of the discussion to an apparent 
increase in the magnetic resistance of the air gap as the 
load is increased. I say apparent increase, because it is 
hard to separate increase of magnetic resistance from 
counter magnetomotive force supposed by some to be 
caused even while the armature is running without lead. 
In applying a formula similar to my own, and, like it, in- 
cluding change in permeability and armature reaction as well 
as armature resistance, Mr. Entz found that his formula 
gave only about 80 per cent. of the series turns actually re- 
quired. This was in the case of Edison machines, and while 
not knowing the exact character of his formula I am _ un- 
able to compare it fully with my own, I am inclined to 
agree with him that the observed discrepancy is probably 
due to increase of the resistance of the air space rather 
than to counter magnetomotive force. It has been before 
this pointed out that while the dynamo is running the lines 
of force do not pass radially across the air space, but are 
skewed by the magnetism of the armature so that the 
actual path must be somewhat greater than the apparent 
one. I am surprised, however, that the difference should 


» reach the amount observed. It certainly would not do so 


in machines like the Wenstrom, having a very small air 
space. The total effect on the magnetic resistance of the 
machine would be of course proportional to the ratio be- 
tween the magnetic resistance of the iron and of the air 
gaps, and would increase when the relative value of the 
latter increased. The amount of increase of air re- 
sistance due to increased load probably varies quite 
systematically with the ratio of armature ampére turns 
to field ampére turns, but the exact amount of this varia- 
tion, disturbed as it is by the effect of the poles, is a subject 
for further investigation. If the lines of force were 
skewed 45 or even 30 degrees from a radial direction, 
there would certainly be a very perceptible effect on the 
magnetic resistance of the dynamo. In any case, how- 
ever, if the amount of skewing can be even roughly esti- 
timated this added magnetic resistance can very readily be 
taken account of in the formula I have proposed. Todo 
this it would only be necessary to take account of the 
change in laying out the line fgin Plate 1. On drawing 
g h we should then have a value of p, including the 
change in resistance due to the cause mentioned. I shall 
take up this question in detail, for a sufficiently simple and 
convenient method of estimation can probably be found 
that will enable the correction to te introduced into my 
formula by the above very easy method so as to give a re- 
sult sufficiently exact for all practical purposes.—L. B. ] 
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Professor Nichols’ Lecture at the Electric Club. 


On Tuesday evening of last week Prof. Edward L. 
Nichols, of Cornell University, delivered a very interest- 
ing and instructive address before the New York Elec- 
tric Club on ‘The Artificial Light of the Future.” Pro- 
fessor Nichols’ researches on the subject of light are al- 
ready well known, and he is regarded as one of the high- 
est authorities in this line of work, The lecture is given 
in full in another part of this issue. The discussion, in 
which several members took part, was of considerable in. 
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terest. One of the most instructive points, however, 
was that brought out by Mr. _ Tesla. He de- 
scribed some experiments made by him with the 
magnesium light some years ago. Chloride of magnesia 
was dissolved in water and then mixed with finely 
powdered carbon. The paste thus formed was ther. molded 
into a carbon pencil suitable for use in an arc lamp. By 
this means the magnesium was perfectly distributed 
throughout the whole mass of the carbon. The carbons 
were then baked, and when burned the arc gave the same 
effect which was produced by Professor Nichols at his 
lecture in an experiment with a magnesium lamp of 
European manufacture. In the same manner Mr. Tesla 
produced incandescent carbon filaments, but his method of 
fixing the magnesium on the incandescent carbon was 
somewhat different. The carbon filament was placed in 
the solution of chloride of magnesia and flashed 
up. The heat of the carbon when flashed decom- 
posed the solution, and magnesium was deposited on the 
carbon. In order to fix it upon the carbon the filament 
was again dipped into a hydrocarbon and flashed as be- 
fore, and a layer of carbon was thus deposited upon the 
top of the layer of magnesium. These filaments when 
used in an incandescent lamp in the ordinary manner gave 
a remarkably brilliant white light, but as Mr. Tesla’s tests 
with them were all made when burning at a very high 
candle power he did not obtain results such as would be 
secured if the same lamps had been burned under circum- 
stances similar to those which exist in ordinary practice. 
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The City and South London Railway. 


The great electrical event of the present monthin Lon- 
don has been the opening of the City & South London Rail- 
way. The starting of this road, which as our readers will re- 
member was announced in our cable dispatch of three weeks 
ago, was characterized by the London Times as marking 
‘*an epoch in the development of the internal communi- 
cations of London which may hereafter perhaps be found 
to have been of even more importance than the opening of 
the Metropolitan Railway in 1863.” The interest which 
attaches to this undertaking is due to the fact that in some 
respects the railway is the most important yet constructed, 
as it is the first deliberate attempt to handle a large subur- 
ban traffic exclusively by trains drawn by electric locomo- 
tives. The railway was formally opened on the 4th of the 
present month but it is not expected that trains will be 
running in regular service until about the 1st of December. 

As is well known the line is an underground one and is 
three miles in length, running from the heart of the city of 
London near the ‘‘ Monument” beneath the Thames to 
within a mile of Clapham Common. Including the two 
termini of the road there are along the line six stations 
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per mile, while the North London Railway earns $200,000 
per mile. Messrs. Mather & Platt, the constructors of 
this road, have guaranteed that the cost of motive power 
for the first two years shall not exceed seven cents per train 
mile. As each train is made up of three cars and a loco- 
motive, and is able to carry 100 passengers, this compares 
very favorably with the cost of working the underground 
railway, which expends 20 cents per train mile on trains 
capable of carrying about 450 passengers, and its mainte- 
nance expenses are said to be something formidable. Messrs. 
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FIG. 1.—-PLAN OF GENERATING 
Mather & Platt are sanguine that the net efficiency of 
this line will amount to at least 60 per cent. The company 
proposes to commence work with trains running at inter- 
vals of five minutes, making the distance between the two 
termini in 15 minutes, which would give an average speed 
of about 12 miles per hour, including stops. 

The central generating station is situated at Stockwell, 
the suburban terminus of the line. The plant consists of 
three large dynamos of the Edison-Hopkinson type, each 
worked independently by a vertical compound engine de- 
signed and constructed by Messrs. John Fowler & Co. 
Steam is furnished from six 250 h. p. Lancashire boilers. 
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placed at about equi-distant points. he track is double 
and is laid in two separate steel tubes, each 11 feet in diam- 
eter. The sleepers are laid directly without ballast upon 
the bottom of the tube, and the light weight of the rolling 
stock has made it possible not only to dispense with track 
chairs altogether, but to use rails of little more than half 
the usual weight 

Tke cost of the line in round numbers has been a little 
more than $1,100,000 per mile, and assuming the usual ratio 
of expense to earnings which is common in England, the 
company will need to earn some $110,000 per mile in order 
to give the share. olders five per cent. profit on the invest- 
ment, To show that this is by no means extraordinary for 
a0 English city railway it may be mentioned that the exist- 
he Woderground allway of London earns about $105,000 


2.-ELECTRIC LOCOMOTIVE OF THE CITY AND SOUTH LONDON RAILWAY. 


Fig. 1 shows a general plan of the generating station, 
from which it may be seen that besides the three engines 
and three dynamos already in position space has been 
provided for an additional engine and dynamo, should in- 
creased traffic on the line demand such an addition. Fig. 3 
shows in elevation an engine and dynamo. The distance 
between the centres of engine and dynamo is 24 feet. 

The engines work at a stéam pressure of 140 pounds per 
square inch, and are of very massive proportions. They 
run at 100 revolutions per minute, giving a piston speed of 
450 feet per minute. They are fitted with automatic ex- 
pansion gear on both the high and low pressure cylinders, 
the governor being driven direct from the.crank shaft by 
cotton ropes, The ‘engines will indicate up to 875 h, p. 
each, The cylinders are steam-jacketed, the high preasure 
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being 17 inches, and the low pressure 27 inches. The pis- 
tons are fitted with Mather & Platt rings and springs, and 
the valves are specially fitted with multiple parts. The fly 
wheels are 14 feet in diameter with 28-inch face, and drive 
the dynamos direct by means of leather link belts 26 inches 
wide. j 

The six Lancashire boilers which supply the steam are 
seven feet in diameter and 28 feet long, and are fitted with 
Vicar’s mechanical stokers. Two large feed water heaters 
are also supplied with brass tubes of ample surface for re- 
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STATION OF THE CITY AND SOUTH LONDON RAILWAY. 


ceiving the whole of the exhaust steam from the engine 
without back pressure. 

The dynamos used embody the latest improvements of 
Messrs. Mather & Platt, and are, as well as the engines, 
built with extra heavy parts. The weight of the entire 
machine is something over 17 tons, the armature alone 
weighing about two tons, the yoke of the machine about 
three tons, and each magnet limb with its pole piece about 
four tons. The capacity of the machine is 450 ampéres at 
a pressure of 450 volts. The commutators are of hard 
copper insulated with mica, each rocker arm carrying 
three brushes, which are separately adjustable. The 
machine can be run either as a shunt or compound, as re- 
quired. The total weight of copper wire on the magnets 
of each machine is nearly one and one-half tons. The 
machines are said to have an electrical efficiency of 96 per 
cent. or slightly more, and the measured efficiency of the 
engine and dynamo. that is, the ratio of the electrical 
power available outside the dynamo to the indicated horse 
power of the engine is said to be over 75 per cent. 
Sir William Thomson’s multicellular electrostatic volt- 
meters are used for measuring the electromotive force. 
The current from the dynamo is conveyed to a general 
distributing and testing switchboard fixed in a recess of 
the engine house. From this board the main circuits are 
taken to various parts of the line, and the current passing 
through each circuit is measured by suitable ammeters, 
and arrangements are provided by means of which the 
current may be switched over from one circuit to another. 
The main cables which carry the current from the station 
to the undergruund line were manufactured by the Fow- 
ler-Waring Company, and consist of 61 No. 14 B. W. G. 
copper wires thoroughly insulated with Fowler-Waring 
material, and lead sheathed. 

The working conductor is of channel steel, carried on 
glass insulators, the joints being fished, and also con- 
nected with copper strips. The general arrangement of 
the working conductor is exactly the same as that em- 
ployed by Dr. Edward Hopkinson of the Bessbrook & 
Newry line. The steel employed is of very high conduc- 
tivity. The working conductor is divided into sections for 
convenience of testing and the making of necessary re- 
pairs, When the full pressure of 500 volts ison the com- 
plete system of working and feeding conductors, the 
leakage current is said to be not more than one ampére, 
so that the total loss by leakage is less than one horse 
power, a small fraction of one per cent. of the total power 
required for working the line to its full capacity. The cur- 
rent is collected from the working conductor by sliding 
shoes of iron or steel urranged much like those employed 
on the Bessbrook line. 

Fourteen 10-ton electric locomotives like that shown in 
Fig. 2 have been supplied by Messrs. Mather & Platt for 
working the line, each capable of developing 100 effective 
horse power and of running up to 25 or 26 miles per hour. 
The armatures of the locomotives are constructed so that 
the shaft of the armature is the axle of the locomotive; in 
this way all jntermediate gear and all reciprocating parts are 
entirely obviated. A motor is fitted on each axle, as shown 
in Fig. 4, the axles not being coupled, but working inde- 
pendently, The eurrept is conyeyed from the collecting 
ahoes through an pmmeter toa regulating pwitoh, then tq 
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& reversing switch, thence to the motors and back through 
the framework of the locomotive to the rails, so completing 
the electrical circuit. The locomotives are fitted with a 
Westinghouse automatic air brake and also a screw hand 
brake, and they are hghted by electric lights, the current 
being derived from the motor circuit. The train, when 
loaded, will weigh about 30 tons, and it is intended 
ultimately that ten trains shall be worked on the line at 
one time, these being run at three-minute intervals. 

A single train consists of an electric locomotive and three 
passenger cars 32 feet in length from end to end over all. 
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FIG. 3.-ELEVATION OF 


The cars are pivoted on two four-wheeled trucks; and the 
interior, which is divided by a door in the centre, contains 
seats for 34 persons. The body of the car is 28 feet in 
length. 

Each train carries its own reservoir of compressed air, 
sufficient for 40 stops, and as it arrives at the central sta- 
tion recharges its air supply. The trains are also fitted 
with hand brakes, the stopping power being thus com- 
pletely independent of the motive power. Block signal- 
ing has also been adopted. 

It was originally intended to work the railway by cable, 
but bids were invited for running it by electricity, and 
eventually plans were submitted to the company by Messrs. 
Mather & Platt, and the company accepted this firm’s 
scheme, which is based upon the experience obtained by 
Dr. Edward Hopkinson in the construction of the Bess- 
brook-Newry Narrow Gauge Electrical Railway. The 
contractors employed Messrs. John Fowler & Co., of Leeds, 
to supply the boilers and engines, and Messrs. Beyer, Pea- 
cock & Co. to construct the framework of the electrical 
locomotives. All the electrical plant has been constructed 
under the special superintendence of Dr, Edward Hopkin- 
son, of Messrs. Mather & Platt. Dr. John Hopkinson, F. 
R. 8., has acted throughout as consulting engineer, and 
Mr. G. A. Grindle as resident engineer. 
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Dr. Norvin Green on Telegraphy. 





The autumn meeting of the popular telegraphic social or- 
ganization know as the Magnetic Club took place on 
Wednesday evening, November 19, at Martinelli’s, on Fifth 
avenue, this city. President Dealy was in the chair, us bright, 
cheery and enthusiastic as usual; the attendance was very 
large, and a most enjoyable evening was spent. As 
guests of the occasion, Dr. Norvin Green, President of 
the Western Union; General T. T. Eckert, general man- 
ager; James F. Merrihew, general superintendent; and 
Mr. Thomas F. Clark, of the executive offices of the same 
company, had been invited. All of these, with the excep- 
tion of General Eckert, were present. Owing to a mishap, 
the General is confined to his home and could not attend. 

Interspersed between songs, instrumental music, recita- 
tions, etc., were interesting and appropriate addresses by 
Mr. Dealy, Mr. Clark and Dr. Green. The remarks of the 
latter in particular were listened to with deep attention, 
and elicited hearty applause. The Doctor is a thinker as 
well as a worker, and his views on any subject connected 
wiih telegraphy always command attention. What he 
said before the Magnetic Club is so well worth preserving 
chat we give it to the readers of THE ELEcTrICAL WoRLD 
in full herewith. Dr. Green spoke as follows: 

At a recent dinner given to a prominent Southerner, who 
was made a judge, John 8. Wise remarked that he was 
one of those men who if you wouid drop a nickel in the 
slot, you would always draw out a speech. I was afraid 
from the cordiality of the introducti n of your president 
that I should be called on before dinner; that would have 
been absolutely cruel, but I don’t propose to inflict upon 
you a speech at this hour, as with this genial feeling here 
music and song would be better adapted to the surround- 
ings. I want to congratulate your Association upon the 
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intelligence of its members, and the telegraph fraternity 
generally upon the high order of intelligence of all its em- 
ployés from superintendents and managers down. The 
telegraph service is an employment that gives opportunity 
for study, reading and improving the mind, and a tel- 
egrapher is generally a well-informed man. 

In the management of telegraphs during a little less than 
40 years, I have seen my operators go to high positions on 
railroads, to the editorial chair, and to important political 
and business positions. One of my operators in the old 
Southwestern Company, who was employed in an humble 
position in a railroad depot office, became the president of 
the Louisville & Nashville railway system, and is now the 
vice-president and general manager. I refer to Milton H. 
Smith. With the name of Mr. Carnegie you are all 
familiar. 

I want to congratulate you also upon the great advance- 
ment in the electrical sciences, the immense growth of the 
telegraph and other electrical applications. The telegraph 
was an American invention, and was generally adopted 
here before it received any favor elsewhere. But at this 
date more than one-third of all the telegraph mileage of 
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wires and poles and of the number of telegraph offices 
in the world is in the United States, and we do 
nearly one-third the business of all the rest of the 
world put together. Moreover, we are doing better 
service, and, I believe, take it all in all, cheaper service 
than is done elsewhere in the world; yet the tel- 
egraph is comparatively in itsinfancy. There still come 
into the telegraph new kinds of business, and so it 
grows on. Notwithstanding the active competition we 
have, the business of the Western Union, which is the 
principal telegraph company in this country, is constantly 
growing. Our increase from about 350 test offices alone 
last week was nearly $24,000 over the corresponding week 
of last year, and that with the opposition extending every- 
where, and with the much talked of long-distance tele- 
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cotton and have it shipped to Liverpool he had to write a 
letter to New Orleans, which by the stage and slow steam- 
boat process, took 13 days, and to get his answer that the 
cotton was shipped would consume an equal time, or from 
26 to 28 days after giving the order. Now the cotton is 
purchased by telegraph, shipped, billed for Liverpool, bill 
of exchange drawn and the whole transaction completed in 
one day. The telegraph therefore has made the million- 
aires, because the business can be done in a day that then 
required a month. In the ordinary period of one lifetime 
no man could have built the fortunes that now exist but 
for the telegraph. It has condensed time ; it has annihi- 
lated space. 

The telegraph has given employment to a great many 
thousand people, many of whom have made it the nucleus 
to prepare for higher positions in life. One of the bless- 
ings of the telegraph is the employment it gives to women. 
In the vicissitudes of life, the changes of fortune and the 
decrees of fate in our larger cities, so many young women 
are thrown upon their own resources that it is a blessing 
to find this new field of employment. I have endeav- 
ored all my telegraph career to cultivate and foster this 
employment, and at times have been pained to find some 
opposition to it among the higher class of operators. Gen- 
tlemen, encourage the women; they are not in your way; 
they do not lessen the wages of operators; they are paid 
something less, but just as much in proportion to what they 
do. I had a lady come to me some time ago from away out 
in Montana, who said she had a letter of introduction to 
me from a Mrs. B., who had said to her that I was the best 
friend of women she had ever known. I said, please 
thank Mrs. B., and tell her that when I goto my last 
resting place I want no better epitaph to mark the spot 
than that ‘* He was a friend to woman.” 

I had a checkered career in life before I entered the tele- 
graph service. I was a cowboy anda plowboy. What I 
mean by a cowboy is that I drove the cows home to be 
milked. I was a flat- boat man, a wood chopper, and then 
got into a country store. I then got acontract to deliver 
a large amount of cord wood, which I helped to chop, haul 
and boat, and out of this made the money that paid for my 
medical education. Now from all this you can guess that 
I know what it is to earn my bread by the sweat of my 
brow. Isympathize with all workingmen. They havea 
right to organize themselves for the betterment of their 
condition, but they make a mistake when they violate the 
law. Strikes cannot succeed in this country except by vio- 
lating the law. Every man has a right to quit work when- 
ever he pleases, but he has no right to stop others from 
work. That is their right, and while exercising their own 
rights they must respect the rights of others. Every 
position in the country is open to your ambition. <A boy 
who is born in the forests, who is bred in a log cabin and 
cradled in a sugar trough may become a president of the 
United States. Millard Fillmore was a foundling but 
became president. 

Abraham Lincoln was born in a log cabin in a very poor 
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phone considerably extended. The telegraphs of the 
United States would extend some 28 or 29 times around 
the entire circumference of the globe in their wire mileage. 
The Bible prophecy of putting a girdlé around the earth 
has been practically more than realized. A cable across 
the Pacific Ocean would complete the only gap in the 
direct girth of its circumference which is, however, prac- 
tically completed in telegraph communication. 

Within the period of, my own life the telegraph and the 
steam engine have changed the whole character of traffic. 
I was a grown man, a country doctor riding around on a 
pair of pill-hags before there was a telegraph line in exist- 
ence. At that time there was no man in the United States 
who claimed to be worth a million dollars. John Jacob 
Astor and that rich Philadelphian, Stephen Girard, were 
named by their friends to be worth from $700,000 to 
$800,000, but nobody in the West believed that possible. 
In those days if a man wanted to buy a thousand bales of 
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county in Kentucky, was a flat-boat man, a wood chopper 
and a rail splitter, and then by hard study qualified him- 
self to become a school teacher; afterward the first lawyer 
in Illinois, and became one of the most famous presidents 
of the United States, whose name will perhaps be revered 
longer than that of any president except Washington. 
While you are telegraphers, don’t neglect improving your 
minds upon all subjects. You are the peers of anybody. 
When I had a dinner given me in London, and as the first 
toast ordinarily given there is to the reigning sovereign, ! 
said when I came to be called up that I had drunk to their 
sovereign, because if they must have a sovereign I thought 
they had a very deserving and excellent one, but I had 
drunk to their sovereign chiefly, because I was a sovereig? 
myself, one of the sixty-two million in our country, and I 
wasglad to be able tosay to the noble earls and lords 
around me that we had no titles below the rank of 
sovereign, 
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Boys, move onward and look upward. Let your motto 
be ‘‘excelsior.” As Daniel Webster said to an audience of 
young lawyers, ‘‘Boys, if you find it crowded down there, 
come up higher. There is plenty of room.” 

I am not going to inflict upon you a long speech, and 
want to conclude with a toast to a friend and your absent 
guest, Genural Thomas T. Eckert—a man of great ability 
and integrity of character, to whom dissemblance or 
double dealing is unknown. You always know where to 
find him, and he, by his energy and fidelity, has deservedly 
placed himself at the head of the telegraph fraternity. 


——_ > oe > 22> _____—- 


The Artificial Light of the Future.* 


BY PROF. EDWARD L. NICHOLS. 


The growth of electric lighting forms one of the most 
brilliant chapters in the history of invention. The record 
is one of which the electrician has reason to be proud. It 
is a record of advance following advance in our means of 
generating current and of transmitting it. It is the record 
of the evolution of the arc lamp from the first crude forms 
to the perfectly regulated lamp of to-day. It is the record 
of the development of the incandescent lamp. Through- 
out it all we note with wonder that the perfecting of ten 
thousand details of construction has gone hand in hand 
with ever diminishing cost vf production. 

As we review the history of the electric light, however, 
we find that in two respects there is less cause for con- 
gratulation. When we come to consider the quality of the 
light produced and the efficiency of the apparatus as a 
light-making machine, we find that the incandescent lamp 
of to-day produces the same quality of light which the 
earliest examples of its type were capable of giving. We 
find, however, that its light differs but little from that ob- 
tained by burning oil and gas, which, in turn, in spite of 


all the improvements which have marked the growth of 
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Fig. 1.—EFFICIENCY CURVE OF AN INCANDESCENT LAMP. 
artificial illumination, is almost the same in quality as that 
which the Eskimo obtains from the crude blubber of the 
whale, or which the dweller in the log cabin on the frontier 
may get from his home-made tallow dip. 

It is true that the efficiency of the mcandescent lamp 
has gradually risen from five to three watts per candle, 
but those who have had occasion to trace the discouraging 
life curves of such lamps, know how little real progress 
the change implies. We start a well manufactured lamp 
at any temperature we please, provided that we do not pass 
a certain limit, beyond which the life of the lamp would 
be too seriously curtailed. The initial efficiency may be 
made as large as we please, within that limit ; but it is 
only a question of a few days or hours when the lamp will 
have dropped to the dead level of mediocrity, the five watt 
level which seems to mark the confines of permanency in 
the case of incandescent carbon. 

When we take a lamp and raise its electromotive force 
step by step, measuring the current, voltage and candle 
power at each stage of the experiment, and plot the curve 
which expresses the relation between the energy required 
and the light produced, we are gratified at the marked rise 
in efficiency which follows each slight increase in the tem- 
perature of the filament. (Fig.1.) That rise of tempera- 
ture, however, means shortening of the life of the carbon 
is well known. Mr. John W. Howell, in a valuable paper 
read before the American Institute of Electrical Engi- 
neers,¢ has given us abundant data upon that point. Un- 
fortunately, rise of temperature means much more than 
that. I will venture to show you a few life curves recently 
obtained in the laboratory of Cornell University. These 
curves enable us to see at a glance what happens during 
the curtailed existence of a lamp which is forced to undue 
brilhancy. I introduce them because they indicate very 
definitely the nature of the difficulties which confront us 
when we endeavor to increase the efficiency of an incan- 
descent lamp by raising its temperature. 

In the first instance a lamp was started at. the candle 
power indicated by the maker, and was held at constant 
voltage by means of the current from a storage battery. 
The initial candle power was 16, which was obtained at the 
expenditure of 3.015 watts per candle. Measurements of 
electromotive force and current were made at intervals of 
about 10 hours during the 800 hours that the lamp lasted. 
The candle power was redetermined at intervals of about 
1 00 hours. The voltage never rose more than 0.65 volts 





: Lecture before the New York Electric “lub. Nov. 20, 1899. 
EI John W. Howell: Transactions of the American Institute of 
ectrical Engineers, Vol. V., p. 237; THE ELECTRICAL WORLD, 
April 14, 1888, :p. 190. 
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above its initial value, and then only for a short time. The 
average electromotive force cf the entire run was 0.40 
volts below the initial value. The record of this lamp is 
contained in Fig. 2. It represents an individual case and 
not the average obtained from many lamps, but it is typical 
of the results which have been obtained with many. The 
characteristic features are rapid, followed by slower falling 
off in candle power, the decrement amounting finally to 
more than 50 per cent., and rapid, followed by slower falling 


100 H, 200 H. 300 H. 400 H. 600 H. 600 H. 700 H. 
Fic. 2.—LIFE CURVES OF INCANDESCENT LAMP AT NORMAL 
VOLTAGE. 


of efficiency, to a final value of 5.75 watts per candle. These 
changes were accompanied by continuous and marked 
increase in the resistance of the filament. 

If it be asked whether this individual case represents a 
state of affairs common to all incandescent lamps, I can 
only say that in my experience, which is certainly much 
less extensive than that of some others. I have known of 
no class of lamps, the performance of which did not agree 
approximately with that indicated by these curves. Mr. 
W. H. Pierce,* who described extended tests of the initial 
and average efficiency of incandescent lamps in a paper 
read before the Institute of Electrical Engineers some time 
ago, recorded no exceptions to this rule of decreasing 
candle power and efficiency with time. 

This falling off in candle power exhibited by lamps main- 
tained at constant voltage can be met by a procedure not 
easily applicable, perhaps, in commercial work, but read- 


_ ily carried out where the object in view is simply to study 


the behavior of the lamp under unusual conditions. The 
method consists in raising the electromotive force at shert 
intervals of time by amounts sufficient to restore the 
candle power to its normal value. 

The results of such an experiment performed upon a 
lamp precisely similar to that from which the curves in 
Fig. 2 had been obtained, are depicted graphically in Fig. 
3. Under this treatment the life of the lamp in question 
was not quite 100 hours. The total rise in electromotive 
force during the test amounted to about nine volts; the 
efficiency decreased from 3.118 watts per candle to 3.468 
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Fic. 3.—LIFE CURVES OF INCANDESCENT LAMP AT NORMAL 
CANDLE POWER (CANDLE POWER CONSTANT). 


watts per candle. The resistance of the filament rose from 
221.6 to 234.8 ohms. During the first 50 hours the changes 
were slight, then occurred a sudden increase of resistance, 
accompanied by marked rise in electromotive force and in 
amount of energy consumed. 

The life history of the incandescent lamp at still higher 
temperatures does not differ essentially from that which 
we have just been considering, but the changes in question 
go on much more rapidly. 

In Figs. 4 and 5 are recorded the performances of two 
lamps which were similar to those from which the curves 
in Figs. 2 and 3 had been obtained. The first of these (see 
Fig. 4) was started at 57 candles. It was maintained at 
constant voltage for 11 hours and 30 minutes, when it went 
out. During its brief life the candle power fell to 24.6 and 
the watts per candle increased from 1.58 to 3.09. The loss 
of candle power during the experiment was 55 per cent., 
an amount which corresponds very closely with the loss 
suffered by the first lamp tested during the 800 hours that 


wy, H. Pierce: Transactions of the American Institute of Flectri- 
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it lasted. In the case of the other lamp (see Fig. 5), the 
initial candle power (64 candies) was maintained through- 
out, Its life under these circumstances was 140 minutes, 
during which short period it had been found necessary to 
raise the electromotive force from 114.08 volts to 129.53 
volts. The efficiency of the lamp fell meantime from an 
initial value of 1.33 watts to 1.677 watts at the end of the 
first hour; then more and more rapidly to 1.945 watts at the 
end of the test, 

The conclusion to be reached from these data. and from 
the great mass of experimental results which has accumu- 
lated since the incandescent lamp has become an object of 
investigation, is only too evident. The efficiency of an 
illuminant in which carbon is the glowing material is a 
function of the temperature. it appears that the incan- 
descent lamp is fairly stable only at temperatures for which 
its efficiency does not exceed about five watts per candle. 
We have just seen what occurs when one attempts to 
maintain lamps at degrees of incandescence corresponding 
to a much higher temperature. Itis, perhaps, not possible 
to point out with perfect definiteness all the causes that are 
at work to reduce the candle power. The black coating 
which gradually forms on the interior of the lamp-bulb 
intercepts more and more of the light from the filament 
as the age of the lamp increases. The growth of this film 
and its power of absorbing light have recently been care- 
fully studied by two of my advanced students, Messrs. 
B. E. Moore and C. J. Ling. 

The life curves which I have just shown you were made 
by them as a necessary part of their investigation of the 
loss of light due to the opaque film, and I will venture to 
take from their work, as yet unpublished, the results which 
they have obtained in the case of the lamp to which the 
curves in Fig. 2 refer. These results are given graphically 
in Fig. 6. They show the amount of light of each wave 
length of the visible spectrum which the coating on the in- 
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terior of the bulb absorbed. |The measurements were made 
after the lamp had been in operation 100 hours, 200 hours, 
400 hours and 890 hours. In the diagram, abscissae are 
wave lengths and ordinates show the amount of light trans- 
mitted by the lamp-bulb at the above mentioned times, in 
terms of the amount which ,the bulb allowed to pass before 
the coating began toform. You will see by a glance ac 
these curves that the absorbing power of the film was very 
nearly uniform throughout the spectrum, so that the black- 
ening of the lamp had no appreciable effect upon the light 
which it emitted; also that the absorption at the end of 
200 hours was considerably more than half as great as that 
at the end of 800 hours, and that the total loss of candle- 
power due to blackening was about 22 per cent. 

These measurements enable us to account for rather 
more than one-third of the loss of candle power suffered by 
the lamp. Weare not with our present knowledge in po. 
sition to speak so definitely concerning the other two-thirds, 
but the increase in the resistance in the carbon indicates 
another source of diminution. That gradual failure of the 
vacuum which the use of the spark-coil would unquestion- 
ably have enabled the observers to detect may well be 
answerable for the rest. Now, the temperature of an in- 
candescent lamp filament at five watts per candle is very 
nearly the same as that of the carbon in the light giving 
flames produced by the combustion of oils and gas, and it 
appears that the attempt to pass this temperature intro- 
duces difficulties of such a nature as to lead to the serious 
question whether we have not reached a definite limit, be- 
yond which incandescent carbon ceases to be permanent. 

At that limit the efficiency of the lamp is very small 
indeed, 95 per cent. or more of the radiant energy emitted 
being of wave lengths too long to afford light. 

As to the arc light, no more encouraging report can be 
made. On the contrary, it is perfectly well established 
that the quality of the light, instead of increasing, has 
fallen off, in the course of the development of the lamp 
from the clock-work regulators of Dubosc and Foucault, 
with their slender carbons, to the commercial lamps of 
to-day. 

The researches of Nakano,* Marks+ and others, show 
that the efficiency of the arc is a definite function of the 


* Hatsune Nakano: American Institute of Electrical Engineers, 
Vol. VI., p. 308; THE ELECTRICAL WORLD, Ju .¢ 1, 1889, p. 
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current density at the terminals of the carbons, increasing 
nearly in inverse ratio to the cross section of the péncil. 
When the maximum current capacity of the latueer has 
been reached, the efficiency is in the neighborhood of 10 
per cent.,a value which is not likely to be greatly ex- 
ceeded by any of the methods in vogue at the present day. 

As Mr. Edward Weston says,* in his discussion of Naka- 
no's paper on the efficiency of the arc lamp: ‘‘ The small 
amount of luminous energy, compared to the total energy 
employed, is a sad thing always.” 

In the vast accumulation of experience which the past 
years have witnessed, nothing bas come to general knowl- 
edge which looks to the raising of the barrier which blocks 
our progress. It seems only too probable that the limiting 
temperature at which carbon can be used for the produc- 
tion of light has been reached, and with it the maximum 
efficiency of artificial illumination. 

The phenomena observed whenever we attempt to raise 
carbon above what may be termed its normal temperature 
of incandescence are significant, and they all point in one 
direction. We have just seen that when we raise the volt- 
age of an incandescent lamp, we gain splendor of perform- 
ance at the cost of permanence and stability. Imight remind 
you, in this connection, that when the heat of gas flames 
is increased by forced draft, they become non-luminous; 
that the magnificent illuminating power of the arc lamp is 
not due to the intensely hot electric arc itself, filled, though 
it be, with carbon in process of transfer from the positive 
to the negative pencil, but to the cooler carbon terminals. 
Such are the facts with which we have to deal when we 
consider the problem of increasing the efficiency 
of illumination by carbon; whether by direct com- 
bustion, by incandescence in vacuo, or by the use of the 
electric arc. In the face of the many unexpected things 
that have been accomplished through the agency of elec- 
tricity, he would be rash who asserted that the possibilities 
of carbon had been exhausted. In view of the achieve. 
ments of the time one is not permitted to declare the case 
hopeless; neverthelesss, the outlook is not an encouraging 
one. 

If, in what I have said thus far, I have drawn what 
seems to be a gloomy picture, it is not because I fail to 
recognize the importance of the electric light of to-day as 
a factor in our civilization. Its superiority over other 
methods of artificial illumination is so well understood 
that it need not be enlarged upon here. Of its advantages 
we hear on every hand; of its limitations w2 hear less, 
and yet a knowledge of the latter is quite as important to 
those who are interested in its further development. The 
waste of 90 or 95 per cent. of non-luminous energy in the 
production of light is a matter to which we are apt to give 
little thought, and when the economic importance of the 
fact has been forced upon us by the study of the recent in- 
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vestigations which have been made to establish it, we find 
consolation in the thought that, after all, those percent- 
ages are somewhat larger than the corresponding values 
for candles, oil and gas. 

As time goes on, however, the question of the efficiency 
of illuminants will increase in practical importance. No 
one of us, I take it, is of the opinion that the world will 
always be content with the present extravagant methods of 
obtaining light. Progress in these matters is chiefly a 
question of the careful and exhaustive study of the prop- 
erties of the substances with which the inventor and en- 
gineer have to deal. As in the past, so to-day and in the 
future, researches in the laboratory must prepare the way 
for operations in the workshop and manufactory. I have 
thought it not without interest, therefore, to discuss the 
behavior of incandescent carbon under conditions, sume 
of which are not ** commercial,” and to attempt to point 
out the significance of that behavior. Now, if you will 
permit me, I will turn toward the future and consider the 
properties of some other sources of light, with the view of 
inquiring whether they may not have a part to play in the 
artificial lighting of days to come. 

What is to be the light of the future? From the stand- 
point of the engineer I will frankly say that I cannot 
answer that question, but abandoning the directly prac- 
tical point of view, there is something to be said. I need 


* Edward Weston: American Institute of Electrical Engineers, 
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offer no apology here for presenting facts, the application 
of which is at best remote, and the present importance of 
which is therefore rather scientific than utilitarian; nor 
need I remind you that all the so-called *‘forces of nature” 
which have been yoked and impressed into the service of 
man were the object of scientific curiosity and the subject 
of scientific investigation long before the idea of a practical 
application was entertained. 

The number of elements and of compounds capable of 
sustaining a high temperature without dissociation or 
change of state is very large. Carbon isthe only one of 
these the capabilities of which as a source of light can be 
said to have been fully tested; and yet all the others, when 
heated. to a proper point, emit light-giving radiation. 
Take for example the metallic oxides. We heat the oxide 
of calcium in our magic lanterns and it gives us alight of 
great intensity and but little inferior to the arc light in 
whiteness. The exceeding clumsimess of our method of 
rendering it incandescent, however, has prevented its 
adoption excepting for certain special purposes. We 
burn magnesium in fire-works and for photographic 
flash lights, and occasionally, we indulge in the luxury 
of igniting a bit of the ribbon and -admuiring, for an 
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Fic, 6,—L1IGHT TRANSMITTED AND ABSORBED BY LAMP BULB. 
instant, the inteuse brilliancy of its flame. Now, mag- 
nesium is one of the most abundant elements on the 
face of our planet. It is a rather costly metal at pres- 
ent, being quoted at 50 cents an ounce in this country and 
at about half that price on the continent of Europe. Even 
under the limited demand for it which exists at present, it 
has fallen to about one-tenth of its price of a few years 
ago, andI feel sure that it lies within the power of the 
electrician to greatly further reduce the cost of production. 
Among artifical illuminants, magnesium has in one respect 
no equal. W. H. Pickering, who studied its spectrum in 
1880, found it to approach sunlight in quality even more 
closely than the electric arc light does.* 

The precise character of the magnesium light is shown in 
Fig. 7. The abscisse of the curves are wave lengths, and 
ordinates indicate-the brightness of each portion of the 
spectrum of the magnesium flame in terms of that of the 
corresponding regions in the spectrum of gas light. The 
accompanying curves for the arc light and the lime light, 
introduced for convenience of comparison, are from meas~ 
urements by Mr. W. 8S. Franklin and myself. These 
curves all refer to lights of the same candle power. It 
will be seen that the magnesium flame is about 10 times 
brighter in the violet than a gas flame of the same power, 
and but little more than half as strong in the red. It will 
be seen, also, that it surpasses the electric arc everywhere 
beyond the yellow, save in a very limited region of the 
extreme violet. In order to appreciate fully the significance 
of these curves, one must have had occasion to compare 
the various lights to which they refer, placing them side 
by side and noting the effects. You are all aware that the 
magnesium light is very white and very powerful, but un- 
less you have happened to see it in direct competition with 
our ordinary illuminants, you will be but dimly conscious 
of the difference between them. 

I have here a single magnesium lamp of European manu- 
facture. By means of a simple arrangement of clockwork, 
it feeds a thin magnesium ribbon at a rate just sufficient to 
maintain a flame of between 40 and 50 c. p. Turn your 
attention for a moment'to the screen just behind us. It 
gives you the impression of a nearly uniform white sur- 
face, which is well lighted by the incandescent lamps with 
which this hall is so abundantly supplied. Its whiteness 
now, however, is a very different thing from that which 
it will take on under the rays of the magnesium light. I 


light the little clockwork lamp, placing it so 
that it illuminates a portion of the screen. That 
part which is shaded from the Jamp is just as 


well lighted as it was before, and its tint is in no way 
changed; but no one would be likely to describe it as a 
white surface uader the present circumstances. It has 
sunken by comparison into a rather weak chocolate brown. 
Let us turn the lamp so that you can see the burning mag- 
nesium and place beside it, to emphasize the contrast, this 
lighted candle. How dull and gickly the candle flame ap- 
pears, and yet, though old-faghioned and rather out of date 
among our modern glow lamps, the candle does not suffer 
greatly, so far as quality of t goes, by comparison with 
them. 


WwW. H,. Pickering: Proceedings of the American Academy of Arts 
and Sciences, Vol. XV., p. 240. 
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I have been much interested in studying this source of 
light, and I will venture to give you some of the results 
which I have obtained. This lamp consumes 168 milli- 
grammes of magnesium per minute. It is difficult to de- 
termine its candle power by ordinary methods, because of 
the enormous difference between the color of its light and 
that of gas light. By means of measurements made with 
the horizontal slit photometer, an instrument the use of 
which entirely obviates this difficulty, I found the light to 
average slightly more than 40 c. p. Assuming 40 candles 
to be the correct value, we have 4.2 milligrammes of mag- 
nesium consumed per minute per candle. Now, to main- 
tain one candle power of gas light one minute with an 
average quality of illuminating gas, 137 milligrammes of 
gas must be consumed. With gas at $1 per 1,000 cubic 
feet, and magnesium at $10 per kilogramme, a price which 
isin excess of the present European rate, the magnesium 
light would cost, candle for candle, about 6.72 times as 
much as gas. With magnesium at $1.49 per kilogramme, 
or about 67 cents a pound, the cost of the two illumi- 
nants would be the same. Looking at the matter from 
a slightly different point of view, we may say, that 
since 4.2 milligrammes of magnesium will give a3 
much light as 137 milligrammes of gas, their relative 
productiveness as illuminants is as 32.1 to 1. The 
true relation between their values is, however, expressed 
by a larger ratio than that, since candie power for candle 
power, the real worth of a source of light increases with 
its temperature. The total luminosity of the arc light, for 
instance, may be considered fully 25 per cent. greater than 
that of gas. Two c. p. of sun light is the equivalent of 
three candles of gas light. The luminosity of the mag- 
nesium light lies between these two values. 

The proper way to compare sources of illumination is to 
determine their net and gross efficiencies; by which I 
mean, respectively, the ratio of total radiation to light giv- 
ing radiation, and the ratio of the total amount of heat set 
free in the process of producing a candle power of light to 
the heat energy represented by the light itself. Now, the 
heat equivalent of a candle power of gas, or of the light of 
an incandescent lamp at five watts per candle, is about 
3.6 gramme-calories per minute. The total heat of com- 
bustion set free in generating a candle power of gas light 
has been variously estimated at amounts ranging from 971 
gramme-calories per minute (Preece) to 4,100 gramme- 
calories (Thomsen). Calculations based upon the theoret- 
ical heats of combination of illuminating gases give 
values nearer the latter than the former amount. 

The amount of heat set free when a gramme of magnesi- 
um is converted into the oxide is very much less than that 
resulting from the combustion of a gramme of coal gas. 
and the light obtained is, as we have just seen, more thar 





32 times as great. The gross efficiency of the magnesium: 
light must, therefore, be many times higher than that ot 
gas light. To be exact, we find, if we adopt the valu: 
given by Thomsen* for the heat of combination of magne- 
sium (6077), that the magnesium flame of one candle 
power should generate only 25.52 gramme-calories pe! 
minute. Taking the very low estimate of 1,000 gramme- 
calories per minute for gas, we find the gross efficiency of tl 
magnesium flame to be about 40 times that of gas light. 
The simplest method of determining the net efficienc) 
of a source of light is that recently applied by Mr. Merritt 
to the study of the incandescent lamp.+ I have measure:! 
the efficiency of the magnesium flame by Merritt’s method. 
which consists in receiving the radiation upon the face o! 
a thermopile. A glass cell containing a solution of alum 
is placed between the flame and the pile. This cuts off 
almost all those rays which do not produce light and per- 
mits about 75 per cent. of the luminous waves to pass. 
After observing on a suitable galvanometer the deflection 
produced by the light-giving radiation, the cell is re- 
moved and the deflection noted again. The ratio oi 
these two readings, properly corrected, gives the 
net efficiency of the source of light. In the cas: 
of the magnesium flame, at least 15 per cent. of thé 
total radiatiun was found to belong to the visible 
spectrum. Let us consider the matter from another point 





*J. Thomsen : Journal fur Praktische Chemie, N. F., 16, p 97. 
1 Brecst Merritt : American Journal of Science, Vol. X Vil.. 
p. 167. 
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of view. When we disperse the rays from any source of 
light by passing them through a prism or reflecting them 
from a diffraction grating, we find that we have to do 
with a great many rays which are of a wave length too 
great to affect the eye. These constitute what is called 
the heat spectrum, and they are accompanied by a few 
rays which are of the wave lengths capable of optical ac- 
tion. By means of the thermopile or the bolometer, it is 
possible to explore the whole spectrum and to determine 
the intensity of the radiation of each wave length which 
the source emits. From these values the curve of distri- 
bution of heat in the spectrum may be plotted. The curves 
consist of two parts: that which gives the energy of 
the light-giving rays, and that which shows the amount 
of radiation outside of the visible spectrum. The ratio of 
the areas inclosed by these two portions of the curve is the 
net efficiency of the source of light. Such curves for the 
flames of candles, oil and gas show that less than two per 
cent. of the total radiation is luminous. In the case of the 
incandescent lamp the amount rarely exceeds five per cent. 
The are lamp contains about ten per cent. of useful rays. 
The magnesium light, therefore, according to the data 
which I have just presented, possesses a much higher net 
efficiency than any of the other sources of artificial illumi- 
nation. To what does it owe its superiority ? 

We have seen that, weight for weight, magnesium af- 
fords more than 30 times the light obtained from gas, with 
the development of much less heat. The quality of the 
light is such that merely from the standpoint of illuminat- 
ing power, to say nothing of the additional zsthetic value 
of a light which approaches sunlight in whiteness, each 
unit of it must be regarded as the equivalent of rather 
more than 1.25 units of gas light. 

The character of the light corresponds to a temperature 
much above that of the electric arc, but the flame does not 
seem to be very hot. I have not as yet succeeded in ob- 
taining a satisfactory measurement of the flame tempera- 
ture, but the preliminary test, made at my request, gave 
approximately 1,400 degreesC. This value, which is pre- 
sented subject to correction, enables us to classify the 
magnesium flame, at least placing it among those the 
temperature of which is far below the melting point of 
platinum. Its temperature, probably, does not differ 
widely from that of the luminous gas flame.* 

The large candle power of the magnesium flame is due 
to its peculiar structure. A gas flame consists of a column 
of heated gases, the particles of which are rising rapidly 
from the jet of the burner. These carry off with them, by 
convection, 80 per cent. or more of the heat of combustion. 
The flame owes its luminosity entirely to the fact that 
near the base of the column a few particles of carbon, as 
yet unoxidized, are heated to incandescence. The total 
radiating surface of these particles is very insignificant, 
compared with the apparent superficial area of the flame; 
it is, indeed, not very different in extent from the radiating 
surface of the filament of an ordinary incandescent lamp of 
the same candle power. The constitution of the magnesium 
flame is very different. The product of combustion is the 
oxide of magnesium, a white, amorphous solid of con- 
siderable density; it is, indeed, fully twice as heavy as the 
metal itself. The oxide remains, for the most part, in the 
place where it was first formed. 1t becomes intensely in- 
candescent, and, having large radiating surface, it affords 
a large amount of light. Under such conditions, convec- 
tion plays a minor part, and that which is the chief source 
of loss in the production of light by direct combustion of 
gaseous fuels is avoided. The gross efficiency is, there- 
fore, very large. 

The question of the character of the radiation from the 
magnesium flame offers greater difficulties. It is certain 
that neither platinum nor carbon at any temperature to 
which they can be subjected in practice will give any- 
thing approximating to the, quality of the magnesium 
light. Iam convinced that we have to do here with a 
very different law of radiation from that which governs 
ordinary cases of incandescence. Taking carbon to repre- 
sent the normal state of affairs, we may say that the radia- 
tion of magnesium oxides is out of all proportion to the 
temperature of incandescence; also that the percentage of 
those shorter wave lengths, which furnish green, blue and 
violet light, is abnormally large. That the radiation of 
the magnesium flame comes in part under the head of 
what Prof. E. Wiedemann has termed “ luminescence” | 
have little doubt. This word covers ail those interesting 
phenomena known as phosphorescence, fluorescence, ctc. 

Luminescence is supposed to be due to a different class 
of molecular vibrations from those which cause ordinary 
incandescence. One of the characteristics of this class of 
vibrations is that it tends to produce selective radiation ; 
that is to say, radiation in which a single wave length, or 
set of wave lengths, predominates. Another characteris- 
tic of luminescence is, that it is frequently, perhaps always, 
the result of previous treatment to which the glowing body 
has been subjected. This previous process may have been 
nothing more than the shining of the sun’s rays upon the lum- 
inescent surface, as in those cases of phosphorescence con- 
cerning which Becquerel has taught us so much.+ It may 
have been in the course of some chemical reaction or pro- 
cess of crystallization that the body received its preparation. 





__” Rossetti (Beiblitter zu den Annalen der Physik, 2, p. 333) gives 
as the temperature of the gas flame 1,34) degrees; of the positive 
Carbon of the arc, at the hottest point, 3,900 degrees; of the negative 
Carbon, 2,450 degrees. 

tBecauerel: Annales de Chimie et de Physique (3), 55. 
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In such cases the power lies latent until it is disengaged by 
the action of some external force, 

The immediate exciting cause may be mechanical, elec- 
trical, or thermal, In the last case, which most directly 
concerns us here, a certain rise of temperature is necessary 
to start the body into luminescence. When this critical 
temperature is below the red heat the phosphorescent glow 
attracts attention, and investigation follows. When, how- 
ever, the temperature of luminescence is high, the effect, 
however marked it may be, is masked by the ordinary in- 
candescence to be expected at that temperature, and it is 
overlooked. Luminescence by heat is perforce transient. 
It is due to the expenditure of energy which has been 
stored by previous action. If we wish to see the effect re- 
peated we must restore to the material the potential energy 
which it has lost. , 

I am not in a position to state positively that the glow 
of magnesium oxide is due to luminescent vibrations, but I 
am of the opinion that such will be found to be the case. 
Other metallic oxides also show peculiarities of radiation 
which find their explanation most readily under that 
theory. While studying the distribution of energy in the 
visible spectrum of the lime light, three years ago, Mr. 
Franklin and I found that a freshly ignited cylinder, under 
the oxy-hydrogen flame, glowed with a brilliancy equal to 
that of the magnesium lightitself.* This state of affairs 
lasted but a moment, however, and no amount of heating 
would bring out an old cylinder again into its initial 
splendor. It was plain that we were taking advantage of 
vibratory power stored in the lime at some stage in its 
preparation. These vibrations, disengaged by the blow- 
pipe, gave out in a very short time, after which the per- 
formance of the hme degenerated rapidly to the level 
which corresponds to ordinary radiation at the temperature 
in question, 

You are all acquainted with the beautiful greenish-yel- 
low light which the oxide of zinc emits under the flame of 
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STAGEs). 


the blowpipe. It is entirely different from the light of the 
incandescent charcoal on which it lies, although the two 
cannot differ widely in temperature. The zinc oxide is 
luminescent; the carbon is simply incandescent, in the 
usual sense of the word. This is a case which lends itself 
readily to study, since the temperature at which the ab- 
normal glow appears is a comparatively moderate one, 
Last summer I took the matter up, with the efficient co- 
operation of Mr. B. W. Snow, instructor in physics in 
Cornell University. We made a systematic comparison of 
the radiation from zine oxide and from platinum, at tem- 
peratures between the red heat and 1,000 degrees C., 
measuring temperatures and studying spectra by methods 
which I cannot dwell upon here. Since the results which 
we obtained are of a character to illustrate the points 
which seem to me most significant in this question of the 
radiation of the metallic oxides, I will indicate them graph- 
ically. 

Zinc oxide is a rather brilliant white pigment. Its ra- 
diating power, therefore, according to the theory of ex- 
changes, should be very small. At temperatures below 
700 degrees C. we found it to be very much lower than 
that from platinum throughout the spectrum, and the light 
from the oxide to be a duller red. Fig. 8 shows the results 
of the comparison. In this and the subsequent curves, 
platinum is taken as the standard. The curves show how 
the oxide of zinc compares with platinum in strength of 
radiation. The law according to which the visible radia- 
tion of platinum rises from zero at the extreme red heat, as 
the temperature rises, varies with the wave length. It 
had to be especially determined, for the purposes of our in- 
vestigation, in each region of the spectrum to which our 
measurements were extended. 

At about 700 degrees a sudden change occurs in the char- 
acter of the light from the oxide. It becomes brighter than 
the platinum of the same temperature, the increase show- 
ing itself principally at the ends of the spectrum, In Fig. 
8 (707 degrees and 739 degrees) we have curves which rep- 
resent this second phase. The emanations are selective to 
a marked degree, the yellow being relatively very weak. 
Measurements of fresh films of the oxide at still higher 


* See the American Journal of Science, Vol. XXXVIIL., p. 100. 
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temperatures revealed the further development of the 
abnormal radiation of this substance. Fig. 9, which gives 
curves for 878 degrees and 1,034 degrees, shows the transi- 
tion into a third, and, apparently, a final stage. The red 
end of the spectrum loses its prominence, and the curve 
seems to be developing into a straight line, the trend of 
which is such as to indicate that zinc oxide, as we pass 
from the longer to the shorter wave lengths of its spec- 
trum, increases in superiority over platinum at the same 
tem perature. 

It soon became evident from the character of our results 
that the radiation at temperatures above about 800 degrees 
was of a very evanescent sort, falling off in intensity and 
changing in quality from the first instant in which the 
oxide was heated. To follow these rapid changes proved 
a trying task. By taking a great many fresh films of the 
oxide and watching the time changes of one portion of the 
spectrum after another, however, we were able to obtain 
data from which the curves in Fig. 10 were drawn, These 
show the intensity of radiation and its character, relative 
again to that of platinum, after the oxide had been main- 
tained 1,013 degrees for a period of 30 seconds, of 60 seconds, 
of 300 seconds and of 600 seconds. At the end of the 10 
minutes the changes, although not entirely completed, 
were very slow. 

The evidence of the existence of luminescence afforded 
by these measurements seems to us to be nearly conclusive, 
Extension of the investigation to other of the metallic 
oxides and to wider ranges of temperature would, doubt- 
less, lead to results more striking. 

The application of allthis to the problem of the light of 
the future is as follows : The fandamental question is that 
of efficiency. High efficiency at low temperatures means 
selected radiation, which appears to be a characteristic of 
luminescence and not of ordinary incandescence. The study 
of the radiation of the metallic oxides above the red heat 
reveals the existence of properties which lead us to regard 
them as being luminescent ‘ by heat.” It is from such 
bodies that radiation of high efficency is to be looked for. 
We have in magnesium oxide a member of this particular 
class, and we have seen that when it is heated in the pro- 
cess of formation it gives us a light the efficiency of which 
is unapproached by that of other artificial illuminants. 

The problem is easily stated. (1) We need a body which 
is rendered vividly luminescent by heat. The metallic 
oxides would seem to offer us many such. (2) The material 
is to be brought to the temperature at which its lumin- 
escence is most marked. Does it not seem probable that 
the best method, as in the case of carbon, will not be that 
of direct combustion, but of heating through the agency 
of the electric current? (2) The material must be restored 
from time to time. Whether rejuvenation is to be secured 
through electrical, chemical, actinic or mechanical means 
remains to be determined. 

Luminescence ‘‘ by heat ” offers, however, only a partial 
solution of the problem of the highest efficiency. However 
great the efficiency of the luminescent itself, it is accom- 
panied by incandescence of the ordinary kind. The ulti- 
mate solution is to be sought for along other lines. Inean- 
descence is too expensive a means of exciting luminescence, 
There are many other ways in which it may be generated: 
friction, chemical aetion; the impact of light waves, elec- 
trical excitation, certain vital processes, are known to re- 
sult in the production of light. The physics of these pheno- 
mena is, for the most part, undeveloped. I know of but 
two attempts to determine the efficiency of this ** light 
without heat,” as it has sometimes been called. The inten- 
sity is, as a rule, very small, and the heat has doubtless 
been regarded as quite below the range of even our most 
sensitive apparatus. One of these two cases is of especial 
interest to the electrician. It is that of the spark discharge 
in vacuo. Prof. S.P. Langley and Mr. F. W. Very, ina 
recent remarkable paper, entitled, ‘‘ The Cheapest Form 
of Light,” speak of the heat generated in the Geissler tube 
as so minute as to’ seem to defy direct investigation, It 
has, however, been successfully measured by Dr. Staub, of 
the University of Zurich, by means of one of the most deli- 
cate instruments for the measurement of heat—the Bunsen 
ice calorimeter.* 

In Staub’s experiments the vacuum tube was smoked 
with lampblack and inserted in the ice calorimeter. The 
ice melted in a given time afforded a measure of the total 
heat generated by the electric discharge through the tube. 
A repetition of the determination with the unsmoked tube 
under which conditions the light-giving rays could escape, 
gave the energy of the non-luminous radiation. The efti- 
ciency was found to be 3.268 per cent. The extremely 
small candle power of the light derived from the electric 
discharge in vacuo may seem to preclude all questions of 
its utilization in practical illumination. The result is one, 
however, which should not be lost sight of. It suggests a 
field of investigation which may prove unexpectedly 
fruitful. 

The Geissler tube effect was not the source to which 
Langley and Very applied the term ‘‘ the cheapest form of 
light.” The subject of their research was the light of a 
Cuban fire-fly. Their work cannot fail to excite the high- 
est admiration of every one who is able to appreciate the 
difficulties of such an investigation. The eaploration of 
the heat spectrum of so insignificant a source of light is a 
task which very few physicists would, I think, have con- 





*G. Staub: Inaugural Dissertation, Zurich, 1896. (See the Bei- 
bliltter zu den Annalen der Physik, 14; p. 588.) 
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sidered practicable, but it has been carried through by 
these investigators to complete success. 

When we study the curve of distribution of energy in 
the spectrum of the fire-fly thus obtained,and compare it 
with the corresponding curves for gas light. the arc light 
and sun light, we find the expression, ‘‘the cheapest form 
of light,” which is applied to the light of the fire-fly by 
Langley and Very, to be fully justified. AJl the energy of 
its spectrum is massed within the narrow limits of the 
visible spectrum, and what is more, by far the greatest 
part of itis in the form of rays which are especially im- 
portant for the purposes of radiation, the particular rays 
which give us yellow and green light. The non-luminous 
radiation which accompanies the light of the fire-fly seems 
to be so insignificant that it was with difficulty that it 
could be estimated, even with the almost inconceivably 
delicate apparatus used by Langleyand Very. They give 
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the efficiency as about 400 times as great as that of a gas 
flame. It cannot fall appreciably below 100 per cent. 

In what I have said this evenirg, I fear that I have 
fallen far short of what might have been expected of alect- 
urer on the artificial light of the future. I have en- 
deavored to show that theefficiency of our present methods 
is too low to meet the demands of the future for economi- 
cal illumination, and that whether we ever succeed in ap- 


proaching the perfect economy of nature’s light-making * 


processes, as exemplified in the fire-fly, or not, there are 
many sources of light which promise high efficiency. If I 
have succeeded in indicating, even vaguely, some of the 
conditions of the problem of the utilization of these and in 
pointing out some of the lines of investigation which are 
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to be followed in the development of new methods of 
lighting, my mission has been fulfilled. 
CORNELL UNIVERSITY, Nov., 1890. 


——__——_3e-@ 0 


Electric Lighting and Transmission of Power in 
Switzerland. 





The following figures with regard to the position of the 
electric light in Switzerland are taken from a _ recently 
published table. The total number of installations at the 
end of 1889 was 351, of which 11 only were central stations. 
Of the 340 isolated plants no less than 182, or 51 per cent., 
were in mulls or factories of various descriptions. The 
number of dynamos running at the end of last year was 
408, having a total output of 5,150 kilowatts, or an average 
of 12.6 kilowatts each; these machines supplied 51,155 in- 
candescent and 845 arc lamps. The 11 central stations are 
those at Aussersihl, Brunnen, Faido, Geneva, Interlaken, 
Leukbad, Lucerne, Martigny, Meyringen, and Vevey- 
Montreux. The stations at Brunnen, Lucerne and Vevey- 
Montreux are on the alternate current transformer system, 
the others employing the continuous current system. 
Power is derived in 177 cases from turbines, in 138 cases 
from steam engines, in 32 cases from gas engines, in four 
cases from electric motors. Besides these installations 
there are 24 transmissions of power installations, seven 
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electro-motor stations, and 41 accumulator installations. 
The power transmitted varies from two to 280 h. p., 
and the distance from .05 to 10 kilometres. The number 
of machines is 76 and their capacity 1,714 kilowatts. The 
electric tramway at Vevey-Montreux, 10.6 kilometres long 
with seven motor cars, and the electric rope railway on 
the Birgenstock are included. 





The Edwards System of Gas Lighting by Electricity. 





The system of gas lighting which is illustrated herewith 
has a number of striking features which make it of con- 
siderable interest. The burners are lighted in multiple and 
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Fic. 1.—EDWARDs’ GAs LIGHTER. 


not in series as has been usual heretofore. The lighting 
attachment which is shown in Fig. 1 is fastened to an or- 
dinary burner or tip by a screw as shown in the cut. Two 
plates of mica, also shown, insulate a part of the attach- 
ment, and to this insulated part is connected one termina] 
of a small mica condenser, placed as shown in the dia- 
grams, the other part of the attachment being connected 
by a branch wire to the main line. An ordinary Ruhm- 
korff is used which has the well-known rapid vibrating in- 
terrupter to produce as nearly as possible a continuous 
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Fic. 2.—GAs LIGHTER CONNECTED TO Two CIRCUITS. 


spark. The battery used with this system is preferably 
placed as near as possible to the induction coil, so that the 
wires connecting them, being short, may be of low resist- 
ance. In general practice a one and a half inch Ruhmkorff 
coil and 10 cells of Samson battery, No. 2, are used to light 
about 50 burners. When it is inconvenient to place the coil 
and battery near the gas cock a relay can be used toclose the 
contact through the coil and main battery by a circuit 
closer near the gas cock, using a small separate battery. 
The interrupter of the coil should, of course, be adjusted 
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CIRCUIT CLOSERS 
Fig. 3.—CONNECTIONS FOR LIGHTING GAS FROM DISTANT 
PoINnts. 

to start automatically. Where the work is to be divided 
into sections a number of circuit closers, or a switch with 
a number of points can be used, or if the sections are num- 
erous and the terminals cannot be brought to a convenient 
place, the contact piece operated by clock work may be 
arranged to successively make the contact withthe term- 
inals of the different sections. In this ‘case the clock 
movement is released by an electromagnet or a small 
motor which is controlled by a circuit closer from any 
convenient point. 

This system is exploited by Edwards & Co., Fourth 
avenue and 144th street, this city. It is claimed that the 
number of burners that can be lighted at once is only 
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limited by the capacity of the coil. It is said thatthe in- 
sulation which ordinarily answers for only 10 burners will 
in this system be sufficient for 1,000. The attachment can 
also be used for gasoline burners. Fig. 2 shows the man- 
ner in which two or more circuits are arranged, and Fig. 
3 shows the arrangement of coil and batteries for lighting 
a number of burners separately by push buttons from dis- 
tant points. 


A Cheap Watch Demagnetizer. 


The accompanying illustration shows a novel method of 
removing magnetism from watches, which is very simple 
and is said to prove very effectual. This ingenious scheme 
is due to Mi. P. D. Richards, of West Medford, 
Mass. As is clearly shown in the illustration the ap- 
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METHOD OF DEMAGNETIZING A WATCH. 


paratus merely consists of a compound horseshoe mag- 
net placed erect with its poles upward and a suitable sup- 
port placed at some distance, perhaps two or three feet, 
above it. From this support is suspended by a twisted 
thread a cardboard tray in which is placed 
the watch to be demagnetized. When in 
position the supporting thread is allowed to 
untwist and the watch is gradually removed 
from the magnetic field. This simple device 
is easily constructed and seems well adapted 
to the purpose. Of course the same results 
could be obtained by the use of an electro- 
magnet energized from a battery or other 
source of current as well as by employing 
permanent horseshoe magnets. 
—_—_ > +0 0+ ee 


A New Lamp Socket. 


One would think after examining the 
number of incandescent lamp sockets which 
have been invented that it would be impos- 
sible to devise anything new in this line, 
The accompanying illustrations, however, show an ingen- 
ious and simple socket which is placed upon the market by 
the Hunt Engineering Company, of Brooklyn, N. Y., of 
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THE Hunt ENGINEERING COMPANY'S LAMP SOCKET. 


which Messrs. Geo. W. Hunt and Albert E. Rich are 
the joint inventors. The socket is made in two styles 
as shown, both with and without a key. The con- 
ducting parts of the socket are made of tempered 
copper of ample conductivity and carrying capacity, 
and the insulating parts are made of a new composi- 
tion which presents a highly polished surface, and is 
claimed to give a very high insulating resistance, and at 
the samé time to be unaffected either by dampness or gases, 
which are often destructive to insulating materials. The 
socket contains no complicated parts, is simple in con- 
struction, well made, and the exterior appearance is highly 
ornamental. 


~~ o> + oo 
Sulphate of Copper Battery. 


Some very definite information concerning M. Carré’s 
sulphate of copper battery is given by the London Elec- 
trical Engineer. He constructs a battery with a zinc 
cylinder placed in a glass jar filled with sulphate of zinc. 
The zinc rests on a wooden cross bar. The positive elec- 
trode is a copper tube filled with sulphate of copper. It 
rests on a porcelain cup, which in turn is fitted to a ves- 
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sel of parchment paper of the same diameter. A wooden 
tube placed at the top of the paper vessel allows the cop- 
per solution to flow automatically, its level gradually in- 
creasing with the working of the battery. The E. M. F. 
of a cell is about 1.07 volts. A large cell with a zinc 18.90 
inches long: gives 15 to 25 ampéres on short circuit ; 
medium size with 9.4 inches zinc, eight to 12 ampéres ; and 
small size with seven inches zinc, four to six ampéres. A 
medium-sized cell experimented with at the Ecole de Phy 

sique, Paris, and discharged through a constant resistance 
gave aconstant current of three ampéres for 210 hours. 
Its efficiency was 75 percent. The E. M. F. was 1.06 
volts, internal resistance .1 ohm, useful energy 2.31 watts, 
total consumption of zinc 1,000 grams, of sulphate of 
copper 4,730 grams, or 1.58 grams of zinc and 7.66 grams 
of sulphate of copper per ampére hour. 
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Electrical Distribution by Transformers from Central 
and Eccentric Stations.* 


BY DR. J. A. FLEMING, M. A. 


§ 18. The Lowrie-Hall System.—The various elements in 
the transformer system of the House-to-House Electric 
Lighting Company have been brought to their present 
perfection by the inventive skill of Mr. W. Lowrie and 
Mr. C. J. Hall. The alternator built by Messrs, Elwell- 
Parker, of Wolverhampton, is of a somewhat similar type 
to the alternator of Messrs. Zipernowsky Déri and Blathy, 
employed in the Ganz system. In this machine the station- 
ary portion is the armature in which the current is gen- 
erated, and the revolving portion constitutes the field mag- 
nets. Fig. 51 shows the general external appearance of 
the 100-unit size machine having a safe out-put of 100,000 
watts, or 1380 horse-power. The circular iron frame is 





composed of thin sheets of charcoal iron ring- 
shaped, insulated from each other by paper and 
bolted together. This armature ring is parted on 


the central horizontal line so that the upper part can 
be lifted off to insert or remove the field magnets. This 
ring-frame is carried on the cast-iron framework of the 
machine, but is insulated from it. On the inner cylindrical 
surface of this ring-shaped iron core are fixed the arma- 
ture coils. These coils are formed of copper tape, each 
wound on a former so as to form a coil of flat or link shape, 
and yet slightly curved so as to fit closely to the inner sur- 
face of the armature core. The edges of the tape winding 
are thus exposed. The centre of the flat coil is occupied 
by a piece of insulating material. These flat coils are 
placed close toge' her upon the cylindrical inner surface of 
the divided iron armature ring so that the axis of each 
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The coils of the field magnets are joined up in series, and 
the terminal wires are brought to two insulated gun metal 
rings on the steel shaft of the dynamo. 

The current density in both armature coils and field 
magnet coils is not allowed to exceed 2,000 ampéres per 
square inch of section. 

The base plate of the dynamo is cf strong box pattern, 
ribbed and flanged. The frame for supporting the lami- 
nated iron armature core is cast separate, and securely 
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pose of regulation of electromotive force in a way to be 
presently described. 

The commercial efficiency of this alternator at full load 
is stated to be about 85 or 87 per cent. These alternators 
work well in parallel. If two alternators driven by separate 
engines are thrown in parallel, and the steam is shut off 
one engine, it still continues to be taken round by its dyna- 
mo acting asa motor and driven by the fellow-dynamo 
acting as a generator. 





FIGS. 52 AND 53.--LOWRIE-HALL TRANSFORMER. 


bolted to planed facings. The plummer blocks for the 
bearings are cast separate from the base plate, and secured 
thereto by bolts and lugs and wrought iron wedge keys. 
The bearings of the magnet shaft are each 20 inches long 
and fitted with brasses of phosphor bronze. The bottom 
brass is so arranged that it can be removed without lifting 
the shaft and yet well secured sideways. The bearings are 
provided at each end with oil catchers, by which used oil 
is caught and drained away to a tank in the base plate, 
from which it can be drawn off and filtered for re-use. 
The steel shaft carried by these bearings is six inches in di- 
ameter. It carries a cast-iron hub to which is secured the 
wrought-iron ring with the magnet poles. The shaft carries 
two gun-metal rings insulated from each other and from the 
shaft to which are attached the ends of the field-magnet 
circuits, and by means of which the exciting current is 
passed into the field circuit. Each ring is provided with 
two sets of brushes, each set being ample for collecting the 
exciting current, and the brushes and their holders are 


Alternators of this type are made in the following sizes: 


Safe output| Load in 60- | Revolutions per 


| Revolutions of 
in kilowatts.| watt lamps. minute. exciter per minute. 
0 500 | 600 1,000 
35 750 ASO 1,000 
60 1,000 500 1,000 
90 1 500 | 400 800 
120 2,000 | 350 700 
150 2,500 300 600 
200 3,300 250 500 


All these machines are arranged to give an alternating 
current having 10,000 to 12,000 reversals of current per 
minute, and an electromotive force of 1,000, 2,000, or 
3,000 volts, as required. 

§ 19. Lowrie-Hall Transformers.—The transformers are 
of the closed magnetic circuit core type. Two iron cores 
are formed of piles of thin iron plates (see Fig. 52), each 
plate being separated by thin paper from the next. On each 
of these cores is wound a primary and a secondary coil one 
over the other, part of the iron core projecting beyond the 
coils at both ends. The two coil-covered cores are then 
placed side by side, and the plates of the cores projecting 
beyond the coils are turned over alternately, each pair of 





FIGS. 51 AND 54. 100-UNIT LOWRIE-HALL-PARKERVSALTERNATOR AND LOWRIE-HALL TRANSFORMER, 


coil is radial to the ring, and the coils are secured in their 
places by strips of wood screwed to the cheeks and ex- 
tended over the ends of the coils outside the line of travel 
of the magnets. 

The armature coils are then joined up in series and the 
terminal wires brought to insulated terminals on a sheet of 
ebonite contained in a lock-up box. There are 28 armature 
coils thus joined in series, each coil producing about 70 
volts, or 2,000 in all. 

The armature coils can be easily individually removed 
for examination or for repair. The field magnet or revolving 
portion of the machine consists of a solid soft wrought iron 
ring, with wrought iron radial pole pieces securely attached 
thereto; and these pole pieces are of solid wrought iron. 

The exciting coils are wound on shells, which are slipped 
on to these pole pieces, and secured by bolts from being 
displaced by centrifugal action. There are 28 such radial 
magnetic poles alternately N and S polarity. 
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carried by a support from the base plate. Suitable adjust- 
able springs control the pressure of these brushes, and their 
holders are carried against their contact rings. The shaft 
carries two pulleys of cast iron, one, the driving pulley, 
turned with seven grooves for seven one and one-half inch 
ropes, ard the other turned with four grooves for four 
three-quarter inch ropes for driving the exciter dynamo. 
The exciter is a series-wound machine, with drum arma- 
ture, running a speed of 800 revolutions per minute. Each 
alternator has its own exciter, and for the 100 unit alter- 
nators the exciters furnish a current of 25 to 28 ampéres at 
120 volts. 

The speed of the alternators is 350 revolutions per 
minute, giving an alternating current having about 10,000 
alternations per minute, or a ‘‘ frequency” of 83. 

The output of each alternator is 50 ampéres at 2,000 
volts. The over-all height of this alternator is eight feet 
six inches, and the weight 10 tons. A separate pair of 
wires are taken off one coil of the armature for the pur- 


plates forming a closed magnetic circuit. The whole of 
the plates are then clamped tightly together at both ends 
to ensure good magnetic contact. The completed con- 
verter shown in Fig. 53 thus seems to form a ciosed lamin- 
ated iron ring of rectangular shape, and having a primary 
and secondary coil wound on each side of the ring. The 
transformers are placed in iron-converter cases (Fig. 54). 
The pairs of primary and secondary coils are respectively 
joined up in series, and the terminals brought to insuleted 
terminals outside the case. The usual primary and sec- 
ondary double pole fuses are placed in porcelain boxes on 
the case. The converter cases have lugs and rings so as 
to suspend or fix them in place. These transformers are 
said to take about .02 ampére current in the primary when 
on open secondary circuit. The various sizes used are for 
outputs of 1, 2, 4, 6, 8, 10, 16, 20, 30, 40 E. H. P., and are 
wound to convert from 2,000, 1,500 and 1,000 volts to 100 
or 50 volts, 


(To be continued.) 
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The Electromagnet.* 


BY PROF. SILVANUS P. THOMPSON, D. SC., B. A., M. I. E. E. 


Now I want you to compare that with the case of an 
electromagnet where, instead of having this distributed 
pull, you have a much stronger pull over a much shorter 
range. I have endeavored to contrast the two in the other 
curves drawn in Fig. 60. Suppose we have our coil, and 
suppose the core, instead of being made of one rod such as 
this. were made in two parts, so that they could be put to- 
gether with a screw in the middle, or fastened together in 
any other mechanical way. Now first treat this rod as a 
single plunger, screw the two parts together, and begin 
with the operation of allowing it to enter into the coil ; the 
work done will be the area under the curve which we have 
already considered, Let us divide the iron core into two. 
First of all put in one end of it; it will be attracted 
up in a precisely similar fashion, only, being a shorter 
bar, the maximum would be a little displaced. Let 
it be drawn in up to half way only ; we have now a 
tube half filled with iron, and in doing so we shall have 
had a certain amount of work done by the apparatus. As 
the piece of iron is shorter, the force curve, which ascends 
from X to Y,, will lie little lower than the curve X C X,; 
but the area under that lower curve, which stops half way, 
will be the work done by the attraction of this half core. 
Now go to the other end and put in the other half of the 
iron. You now have not only the attraction of the tube, 
but that of the piece which is already in place, acting like 
an electromagnet. Beginning witha gentle attraction, it 
soon runs up, and draws the force curve to a tremendously 
steep peak, becoming a very great force when the distance 
asunder is very small. We have therefore in this 
case a totally different curve made up of two parts, 
a part for the putting in of the first half of the 
core, and a steeper part for the second; but the 
net result is, we have the same quantity of iron magnet- 
ized in exactly the same manner by the same quantity of 
electric current running round the same amount of copper 
wire—that is to say, the total amount of work done in 
these two cases is necessarily equal. Whether you allow 
the entire plunger to come in by a gentle pull over a long 
range, or whether you put the core in in two pieces--one part 
with a gentle pull and the other with a sudden spring up 
at the end—the total work must be the same ; that is to 
say, the total area under our two new curves must be the 
same as the area under the old curve. The advantage, 
then, of this coil-and-plunger method of employing iron 
and copper is, not that it gets any more work out of the 
same expenditure of energy, but that it distributes the 
pull over a considerable range. It does not, however, 
equalize it altogether over the range of travel. 

A number of experimental researches have beem iade 
from time to time to elucidate the working of the coil-and- 
plunger. Hankel, in 1850, examined the relation between 
the pull in a given portion of the plunger and the exciting 
power. He found that, so long as the iron core was so 
thick and the exciting power so small that magnetization 
of the iron never approached saturation, the pull was pro- 
portional to the square of the current, and was also propor- 
tional to the square of the number of turns of wire. Put- 
ting these two facts together, we get the rule—which is 
true only for an unsaturated core in a given position—that 
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Fia. 62.--VON FRILITZSCH’S EXPERIMENT ON PLUNGERS OF 
IRON AND STEEL. 


the pull is proportional to the square of the ampére-turns. 
This might have been expected, for the magnetism of the 
iron core will, under the assumptions made above, be pro- 
portional to the ampére-turns, and the intensity of the 
magnetic field in which it is placed being also proportional 
to the ampére-turns, the pull, which is the product of the 
magnetism and of the intensity of the field, ought to be 
proportional to the square of the7ampére-turns, 

Dub, who examined cores of different thicknesses, 
found the attraction to vary as the square root of the 
diameter of the core. His own experiments show that 
this is inexact, and that the force is quite as nearly pro- 
portional to the diameter as to its square root. There is 
again reason for this. The magnetic circuit consists 
largely of air-paths by which the magnetic lines flow 
from one end to the other. As the main part of the mag- 
netic reluctance of the circuit is that of the air, anything 
which reduces the air reluctance increases the magnetiza- 
tion, and, consequently, the pull. Now, in this case, the 
reluctance of the air-paths is mainly governed by the sur- 
face exposed by the end portions of the iron core. In- 
creasing these diminishes the reluctance, and increases the 
magnefivation by a corresponding amount. Von Walten- 
hofen, in 1870, compared the attraction exerted by two 
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equal (short) tubular coils on two iron cores, one of which 
was a solid cylindrical rod, and the other a 
tube of equal length and weight, and found the two 
to be more powerfully attracted. Doubtless, the 
effect of the increased service in diminishing the reluc- 
tance of the magnetic circuit explains the cause of the 
observation. 

Von Feilitzsch compared the action of a tubular coil 
upon a plunger of soft iron with that exerted by the same 
coil upon a core of hard magnetized steel of equal dimen- 
sions. The plungers (Fig. 62) were each 10.1 centimetres 
long, the coil being 29.5 centimetres in length and 4.2 in 
diameter. The steel magnet showed a maximum attraction 
when it had plunged to a depth of five centimetres, while 
the iron core had its maximum at a depth of seven centi- 











Fic. 63.—BRUGER’S EXPERIMENTS ON COILS AND PLUNGERS. 


metres, doubtless because its own magnetization went on 
increasing more than did that of the steel core. As the 
uniform field region began at a depth of about eight centi- 
metres, and the cores were 10.1 centimetres in length, one 
would expect the attracting force to come to zero when 
the cores had plunged in to a depth of about 18 centimetres. 
As a matter of fact, the zero point was reached a little 
earlier. It will be noticed that the pull at the maximum 
was a little greater in the case of the iron plunger. 

The most careful researches of late years are those made 
by Dr. Theodore Bruger, in 1886. One of his researches, 
in which a cylindrical iron plunger was used, is represented 
by two of the curves in Fig. 63. He used two coils. one 34 
centimetres long, the other seven centimetres long. These 
are indicated in the bottom left-hand corner. The exciting 
current was a little over eight ampéres. The cylindrical 
plunger was 39 centimetres long. The plunger is supposed, 
in the diagram, to enter on the left,and the number of 
grammes of pull is plotted out opposite the position of the en- 
tering end of the plunger. As the two curves show by their 
steep peaks, the maximum pull occurs just when the end of 
the plunger begins to emerge through the coil, and the pull 
comes down to zero when the ends of the core protrude 
equally. In this figure the dotted curves relate to the use 
of the longer of the two coils. The height of the peak, 
with the coil of double length, is nearly four times as great, 
there being double ampére-turns of excitation. In some 
other experiments, which are plotted in Fig. 64, the same 
core was usel with a tubular coil 13 centimetres long. 
Using currents of various strengths, 1.5 ampére, 3, 4.8, 6, 
or 8 ampéres, the pull is of course different, but broadly, 
you get the same effect. that the maximum pull occurs 
jnst where the pole begins to come out at the far end of 
the tubular coil. There are slight differences; with the 
smallest amount of current the maximum is exactly over 
the end of the tube, but with currents rather larger the 
maximum point comes a little farther back. When the 
core gets well saturated, the force curve does not go on ris- 
ing so far; it begins to turn over at an earlier stage, and 
the maximum place is necessarily displaced a little way 
back from the end of the tube. That was also observed by 
Von Waltenhofen when using the steel magnet. 


EFFECT OF USING CONED PLUNGERS, 


But now if, instead of employing a cylindrical core. you 
employ one that is pointed, you find this completely alters 
the position of the maximum pull, for now the point is in- 
sufficient to carry the whole of the magnetic lines which 
ure formed in the iron rod. They do not come out at the 
point, but filter through, so to speak, along the sides of the 
core. The region where the magnetic lines come up 
through the iron into the air is no longer a definite ‘‘ pole” 
at or near the end of the rod, but is distributed dver a 
considerable surface_; consequently when the point begins 
to poke its nose out, you still have a larger portion of iron 
up the tube, and the pull, instead of coming toa maximum 
at that position, is distributed over a wider range. I am 
now making the experiment roughly with my spring bal- 
ance and a conical plunger, afd I think you will be able 
to notice a marked difference between this case and that 
of the cylindrical plunger. The pull increases as the plunger 
enters, but the maximum is not so well defined with a 
pointed core as it is with one that is flat ended. This es- 
sential difference between coned plungers and cylindrical 
ones was discovered by an engineer of the name of Krizik, 
who applied his discoveryin the mechanism of the Pilsen 
arc lamps. Coned plungers were also examined by 
Bruger. In Fig. 63 are given the curves that correspond 
to the yse of a coned iron core, as well as those correspond. 
ing to the use of the cylindrical iron rod. You will notice 
that, ae compared with the cylindrical plunger, the coned 


VoL. XVI. No, 22, 


core never gave so big a pull, and the maximum occurred 
not as the tip emerged, but when it got a very considerable 
way out on the other side. So itis with both the shorter 
and the longer coil. The dotted curves in Fig. 63 
represent the behavior of a coned plunger. With 
the longer coil represented, and with various 
currents, the maximum pull occurred when the tip had 
come a considerable way out; and the position of the 
maximum pull, instead of being brought nearer to the en- 
tering end with a high magnetizing current, was actually 
caused to occur further down. The range of action be- 
came extended with large currents as compared with 
small ones. Bruger also investigated the case of cores of 
very irregular shapes, resembling, for example, the shank 
of a screw-driver, and found a very curious and irregular 
force-curve. There is more yet to be done, I fancy, 
in examining this question of distributing the pull on an 
attracted core by altering the shape of it, but Bruger has 
shown us the way, and we ought not to find very much 
difficulty in following him. 


OTHER MODES OF EXTENDING RANGE OF ACTION. 


Another way of altering the distribution of the pull is to 
alter the distribution of the wire on the coil. Instead of 
having a coned core use a coned coil, the winding being 
heaped up thicker at one end than at the other. Sucha 
coil, wound in steps of increasing thickness, has been used 
for some years by Gaiffe in his arc lamp ; it has also been 
patented in Germany by Leupold. Mr. Tréve has made 
the suggestion to employ an iron wire coil, so to utilize the 
magnetism of the iron that is carrying the current. Tréve 
declares that such coils for an equal current possess four 
times the pulling power. I doubt whether that is so; but 
even if it were, we must remember that to drive any given 
current through an iron wire, instead of a copper wire of 
the same bulk, implies that we must force the current 
through six times the resistance; and, therefore, we 
shall have to employ six times the horse power to drive 
the same current through the iron wire coil, so that 
there is really no gain. Again, a suggestion has been 
made to inclose in an iron jacket the coil employed 
in this way. Iron-clad solenoids have been employed 
from time to time. But they do not increase the range 
of action. What they do is to tend to prevent the falling 
off of the internal pull at the region within the mouth of 
the coil. It equalizes the internal pull at the expense of 
all external action. An iron clad solenoid has practically 
no attraction at all on anything outside of it, not even on 
an iron core placed at a distance of half a diameter of the 
aperture; itis only when the core is inside the tube that the 
attraction begins, and the magnetizing power is practi- 
cally uniform from end to end. Last year I wished to make 
use of this property for some experiments on the action of 
magnetism on light, and for that purpose I had built, by 
Messrs. Paterson and Cooper, this powerful coil, which is 
provided with a tubular iron jacket outside, and a thick 
iron disc perforated by a central hole covering eack end. 
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Fic. 64.—BRUGER’S EXPERIMENTS, USING CURRENTS OF 
VARIOUS STRENGTH. 


The magnetic circuit around the exterior of the coil is 
practically completed with soft iron. With this coil, one 
may take it, there isan absolutely uniform magnetic field 
from one end of the tube tothe other; not falling off 
at the ends as it would do if the magnetic circuit had 
simply an air return. The whole of the ampére-turns of 
exciting power are employed in magnetizing the central 
space, in which therefore the actions are very powerful 
and uniform. The coil and its uses were described in my 
lecture last year at the Royal Institution on ‘‘Optical 
Torque.” 
MODIFICATIONS OF THE COIL-AND-PLUNGER. 


In one variety of the coil-and-plunger mechanism 4 
second coil is wound on the plunger. Hjérth used this 
modification, and the same thing has been employed in 
several arc lamps. There is a series of drawings upon this 
wall depicting the mechanism of about a dozen different 
forms of arc lamp, all made by Messrs. Paterson and 
Cooper. In one of these there is a plunger with a coil on 
it drawn into a tubular coil, the current flowing success- 
ively through both coils, In another there are two 
separate coils in separate circuits, one of thin wire and 
one of thick, one being connected in series with the arc, 
and one in shunt, igang 

(To he continued, ) 
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Low Speed Multipolar Dynamos and Motors for Con- 
tinuous Currents. 


BY FRANK A. PERRET. 


The many practical advantages of a lower rate of speed 
in dynamo electric machinery have long been recognized, 
yet until recently few attempts have been made to secure 
it. The widespread use of the electric motor has, how- 
ever, rendered low speed a feature of great importance, in 
that it so greatly simplifies the application of the machine 
to all classes of work, in most cases obviating the necessity 
of counter-shafting or similar speed-reducing mechanism. 

The writer is aware of a prevailing opinion that serious 
difficulties are encountered in the attempts to manufacture 
this class of machines on a commercial basis, but believing 
the difficulties to be surmountable, he devoted several 
years to a careful study of the subject, with the result that 
he designed a type of machine in which he believes the 
desired end is attained without the introduction of any 
element of danger or the sacrifice of a single feature essen- 
tial to a thoroughly practical machine. 

In the light of this experience it is proposed to consider 
briefly some of the principles which govern the action of 
multipolar machines, and to demonstrate that the obsta- 
cles which have heretofore stood in the way of Jow speed, 
may be, and have been, overcome. 

The prime function of an armature conductor is the ger- 
eration of an electromotive force, the value of which is 
proportionate to the number of magnetic lines of force cut 
by it in a given time. Now the number of lines cut per 
second is dependent upon two factors, (1), the total number 
of lines of force in the magnetic circuit, and (2), the num- 
ber of times they are cut per second. As our aim is to 
generate a given E. M. F. at lower speed than is 
usual, it is evident that the quantities in either or both 
of the above factors must be increased. In the case of the 
first we are limited by the saturation point of iron which 
prevents our indefinitely increasing the strength of the 
magnetic circuit without adding abnormally to the weight 
and size of the machine, and even were it possible to do 
thisan increased exciting current would be required, which 
would detract directly from ‘the total efficiency. We turn 
then to the second factor, and, paradoxical as it appears at 
first, it is here we find the solution of the problem. How 
are we to cause an armature conductor to cut a given 
number of lines of force a greater number of times per 
second without increasing the speed? In the ordinary 
two-pole machine the armature conductor crosses the 
magnetic circuit and cuts all the lines of force twice 
during a complete revolution, viz., where they enter the 
armature core at one pole and where they leave it at 
the other. Now if we so dispose the magnetic circuit as 
to cause the lines of force to enter the armature core at 
one point, to leave it at another, to enter it again ata 
third point and to leave at a fourth it is obvious that the 
conductor will cut all the lines at four points in each revo- 
lution, and that it will therefore generate the same E. M. 
F, at one-half the original speed. If we increase the num- 
ber of poles to six, we shall obtain the same effect at one- 
third the speed, etc. This then is the principle of con- 
struction by which we secure low speed. 

It should be noted that we do not increase the number of 
lines of force in the magnetic circuit ; we do not add tothe 
turns of wire in series on the armature; we do not increase 
the amount of either copper or iron in the entire machine; 
but we simply cause the armature conductor to cross the 
magnetic circuit as often in one revolution as it ordinarily 
does in two or three revolutions, as the case may be. The 
writer wishes to emphasize these points, as there seems to 

te some misunderstanding in regard to them. We do not 
wind anarmature to run slowly, but we design the machine 
for low speed. The resistance of our armature is no higher 
than that of a high-speed machine of the same power: 
its current capacity is not reduced; in fact, as we shall see 
later, it is increased. The efficiency is no lower, the reg- 
ulation no less perfect, and the weight and bulk no greater. 
Wesee then that in theory the multipolar machine is perfect; 
consequently, if any difficulties have been encountered in 
its practical operation, they must be due to some faults of 
construction, to a consideration of which the attenticn 
of the reader is now invited. 

If we take as an example a motor having a six-pole field 
and imagine the same in action, we see tht the distribu- 
tion of potential is such as to form the equivalent of three 
ordinary armature windings on the one ring and connected 
tothe commutator, which has three times as many seg- 
ments as that of a two-pole machine. Each of these wind- 
ings, i. e., the wire lying under one pair of poles, has ex- 
actly the same number of turns as an armature of a two- 
pole machine, but of smaller wire, and carries but one- 
third of the total current, the three acting together in 
multiple. This being the case, any relative difference in 
the strength of the field magnet poles will cause an un- 
equal distribution of potential and current in the armature. 
This is, in my opinion, the most important point to be con- 
sidered in the designing of such machines, as any 
‘inequality is sure to cause trouble. 

In a bi-polar machine there is but one path for the lines 
of force, which circumstance insures equal poles, but in 
the multipolar type, as ordinarily constructed, 4 variation 
in the magnetic conductivity of any part of the circuit will 
“Use an inequality, 
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Fig. 1 represents a form commonly given to multipolat 
fields. It will be seen that an internal blow-hole or hard 
spot or other imperfection in the casting at A would choke 
some of the lines proceeding from B, and they would 
therefore flow through C, and cause a difference in the 
strength of the poles. Cast iron should therefore be ex- 
cluded from the magnetic circuit; there should be no 
joints, and the number of magnetizing coils should be as 
small as possible. 

Fig. 2 is'a diagram of the magnetic circuit of the ma: 
chine designed by the writer. In this construction there 
are but three magnets, each being isolated magnetically 
from the others, excepting through the medium of the 
armature core, and ccn pletely isolated frcm the frame- 
work of the machine. They are formed of plates of soft 
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sheet iron, which are punched to the required shape and 
strung together on non-magnetic bolts by which they are 
secured to their supports. A single magnetizing coil forms 
two salient poles, and as each magnet is built of a large 
number of plates a uniform magnetic cunductivity is se- 
cured. By this method of construction all danger of any 
inequality in the strength of the poles is avoided, and a 
magnetic circuit without joints and of the lowest possible 
resistance is secured. It is understood, of course, that in 
all cases the number of ampére turns on each magnet must 
be equal. 

As the mechanical effort or torque is greater in a low 
speed than in a high speed machine, extra pains should be 
taken to secure a substantial mechanical mounting for the 
armature upon the shaft, and also for the wires upon the 
core. The armature is therefore built up on eight insu- 
lated steel bolts, the ends of which are secured to non- 
magnetic spiders, which in turn are keyed to the shaft. 
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The wiresare wound'in longitudinal channels on the periph- 
ery of the armature core which holds the coils rigidly in 
place, and entirely prevents that minute shifting of the 
wires which certainly is the cause of so many ‘break 
downs” and ‘burn outs” in armatures. The driving 
force in a motor and the resisting force ina dynamo is 
exerted by the armature conductors, and we should always 
provide a positive mechanical connection between them 
and the core ; friction does not suffice. The importance 
of this point is fully understood by Kapp, who writes: 
‘‘In many machines the friction produced by the binding- 
hoops is alone relied on to carry the wires through the 
field; but experience has shown this to be insufficient. 
Even if the wires are not bodily torn off the armature by 
the magnetic resistance of the field, they shift and work 
on the surface of the core; and it is only a question of 
time when the insulation will be destroyed, and the 
machine break down,” 

We have a choice of two methods of coupling the 
armature circuits together in multiple, one of which is by 
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the use of six brushes distributed around the commutator 
60 degrees apart, three negative and three positive, and the 
other consists of a system of cross connections in the 
armature or commutator which connects those coils, which 
are simultaneously undergoing the same induction, those 
in a six-pole machine being 120 degrees apart. By this 
means a single pair of brushes suffices, and these bear 
on the commutator at points diametrically opposite, 
exactly as in a two-pole machine. This method is pre- 
ferred when copper brushes are used, and I have in use a 
simple system of cross connections at the back of the com- 
mutator, in which all danger of short circuiting is avoided; 
but the carbon brush is so peculiarly adapted to the 
method first described that it forms one of the simplest 
and most reliable means of commutation that can be de- 
vised. The high resistance of the carbon brush, as ordi- 
narily constructed, has prevented its universal adeption, 
but the construction of this machine permits the use of 
three pairs of brushes, each pair carrying but one-third of 
the total current, and the resistance is greatly reduced by 
reason of the increased contact surface. 

In a two-pole machine the armature current is divided 
equally between the circuits, while that of a six-pole 
machine splits into six. This the writer considers in most 
cases an advantage, as the current-carrying capacity is in- 
creased by reason of the greater surface exposed to radia- 
tion, and the machine will consequently bear a greater 
overload without injury, while the wire is not so large as 
to be unmanageable. In many machines of the two-pole 
type a stranded armature conductor must be used, because 
a single wire would be too stiff and would heat too much ; 
in a multipolar machine these troubles are avoided. 

A great deal has been said and written in respect to the 
difference of potential that should be allowed to exist be- 
tween adjacent commutator segments, some writers hav- 
ing advanced erroneous opinions on this point to the dis- 
paragement of multipolar machines. One tells us that 10 
volts should be the limit. because ‘‘ 10 volts will just form 
an arc,” while another puts the limit at 19 volts and gives 
the same reason. 

Now an arc has to be started or ‘‘ drawn,” and the only 
time this can happen is when the brush connects two ad- 
jacent bars as they pass under it. But this only takes 
place at the so-called neutral points where the difference 
of potential between adjacent bars is almost nothing. 

Theoretically this difference of potential is simply the 
product of half the total current and the resistance of the 
coil connected to the two bars. We see, therefore, that 
we should not take for a basis of calculation the average 
difference of potential between adjacent bars, for the rea- 
son that the E. M. F. of cach coil is continually varying 
from zero to maximum and down to zero again. A very 
clear description of this action will be found in the fourth 
chapter of S. P. Thompson’s ‘“‘Dynamo-Electric Ma- 
chinery,” together with the methods used in determining 
it, and I commend a perusal of this to the writers re- 
ferred to. 

In a machine wound for 220 volts and having 22 coils 
acting in series, we do not find a uniform difference of 
potential of 10 volts between adjacent commutator bars, 
but those coils which are passing the poles are generat- 
ing 15 or 20 volts, while those in the neutral zone are 
generating practically nothing. In some of the most 
widely used closed coil machines in this country the 
average difference of potential between adjacent segments 
is far greater than the limits given by the above- 
mentioned writers. In one of these it is 27 volts, in 
another 50 volts and in others it is still higher; but 
these machines give no trouble whatever. Let me not 
be understood to favor the use of a small number of 
commutator sections; I simply wish to show that no one 
is limited to 10 orto 19 volts average potential difference 
between adjacent bars. 

In the machines of my own design, which I have par- 
tially described, the number of sectious in the commutator 
is 96, of which 16 act in series. Atan E. M. F., of 220 volts, 
they average, therefore, 13% volts each, and at 500 volts 
total E. M. F. they will average 31} volts. 

As bearing upon some of the statements which I have 
made, I present the following details of my 10 and 20 h. p. 
machines, which fairly represent them all: 10 h. p. 220-volt 
motor, speed 600 revolutions per minute; weight, 900 pounds 
resistance of armature, .19 ohms; resistance of shunt, 175 
ohms. Twenty h. p. 110-volt dynamo (compound), speed, 
600 revolutions per minute; weight, 1,300 pounds; resist- 
ance of armature, .029 ohm; resistance of shunt, 23 
ohms ; resistance of series coil, .007 ohm. 

It will be seen that a low speed multipular machine is 
not necessarily a heavy one, but that on the contrary it 
may be made very light. The writer has recently built 
several 25 h. p. series-wound motors which weighed 1,300 
pounds each, and ran at a speed of 500 revolutions per 
minute. If one of these were so wound as to run at 1,000 
revolutions per minute, it would develop 50 h. p., and 
weigh only 26 pounds per horse power. For traction pur- 
poses these motors are designed to run as slow as 450 revo- 
lutions per minute, and weigh about 70 pounds per 
horse power. 

In regard to their practical operation J will simply say 
that the first machines which were constructed a year ago 
have been jn constant and satisfactory use ever since, and 
they have proved thampalyss fo be in every respect the 
eqyals of the high speed machina. .S 
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A New Trolley Wire Switch. 





One of the most important details in street railway con- 
struction is the switch by means of which the trolley 
wheel of the car, when the overhead system is used, is 
guided from one trolley wire to another. The accom- 
panying illustration shows the form of switch which is 
now exploited by the Pierce Brothers Trolley Wire Holder 
Company, of Leominster, Mass. In this switch a hinged 
gate allows the wheel to run across the inverted pan of 
the switch in precisely the same manner as if it were run- 
ning upon a wire, and the gate is so arranged that the 
wheel can run back and forth across the pan to either of 
the wires leading out from it with equal safety, as the 
gate in each case closes before the wheel reaches it. In 
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chine, and started it running it is possible for him to go 
about other work and the machine will take care of itself. 
This machine automatically feeds the cutter through the 
wheel, and draws it out quickly. After a wheel has been 
completely cut a gong is struck notifying the workman that 
another wheel is wanted. When required an automatic oil 
pump and pan are furnished, the pump taking the oil from 
the pan and forcing it through pipes to the cutter. 


———___o ++ @ «+ 
Telephone Exchanges in Japan. 





The telephone exchanges of Tokio and Yokohama are 
nearly completed and will be put in operation by the be- 
ginning of the new year. The distance between these two 
cities is 18 miles and subscribers are allowed to converse 
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actual practice the switch is said to work admirably and 
to give entire satisfaction, and has already been adopted 
by several street railways. 
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Vibrations of an Incand: scent Platinum Wire. 





In a recent number of the Comptes Rendus M. Argy- 
ropoulos describes the following experiment: Take a 
platinum wire about seven-tenths of a millimetre long and 
a fraction of a millimetre in diameter, and pass a current 
through it until it becomes incandescent; then, if the 
wire is stretched in a horizontal position and a Foucault in- 
terrupter is inserted in its circuit, the wire immediately 
vibrates and becomes subdivided into a series of waves 
having weil-marked ventral segments and nodes. The 
number of segments is augmented by very slowly decreas- 
ing the tension of the wire. On increasing the tension 
the number is diminished until the incandescent wire vi- 
brates transversely with a single ventral segment at the 
middle. M. Argyropoulos employed a battery of from 45 
to 50 Bunsen cells, and screwed down the commutator 
until the wire became white hot; then if the commutator 
was released, the stretched wire immediately commenced 


to vibrate. 
——————_Bre-] ooo 





An Automatic Gear Cutter. 





With the very rapid growth of the electrical industries 
the establishment of very extensive manufactories for the 
construction of electrical apparatus has created a very 





AUTOMATIC GEAR CUTTER. 


large demand for special tools for use in making the 
various parts of dynamos and motors and their accessories. 
The accompanying illustration shows a machine which is 
put upon the market by Messrs. Gould & Eberhardt, of 
Newark, N. J., an automatic gear cutter, which embodies 
the latest improvements which have been made in ma- 
chines of this class. The automatic character of this ma- 
chine makes it possible for gears to be cut without the con- 
stant attention of an operator. This is true whether the 
gear be of the bevel, spur or worm type and af- 
ter the machine has once been set and started the cost of 
operation must be very small indeed. When the work- 
man has once set the blank to be cut, adjusted the ma- 


with other subscribers in either city without extra charge. 
The annual charge in Tokio is nearly $40 for each instru- 
ment and in Yokohama nearly $35. At the public pay 
stations a charge of five cents is made for five minutes’ 
conversation, if both subscribers are in the same city, but 
if a conversation is carried on between the two cities a 
charge of 15 cents is made for each five minutes. In Tokio 
the number of subscribers at present enrolled is 135, in- 
cluding the government offices. In Yokohama only 12 
have so far subscribed. At Tokio there are 16 pay stations 
and at Yokohama only one. 

The switchboards in use were supplied by the Western 
Electric Company, of Chicago. For the line wire about a 
No. 17 hard drawn copper wire is used. It is expected 
that the number of subscribers will be largely increased as 
soon as the exchanges are in operation. 


—_—________—__> oe @ o¢ > —— - — — 
Combined Feed Water Heater and Filter. 


In these days of sharp competition and reduced profits, 
no electric light plant using high-pressure engines can be 
regarded as complete from an economical point of view 
unless it is provided with an efficient heater utilizing the 
exhaust steam for heating the feed water for the boilers, 
and if at the same time the heater can be made to thor- 
oughly purify the water so as to prevent the formation of 
scale in the boilers, its economical value is thereby greatly 
augmented. 

In the Stillwell patent improved heater, herewith illus- 











trated, its manufacturers, The Stillwell & Bierce Manufact- 
uring Company, of Dayton, O., claim to offer just such a 
device, and they further claim to have successfully met all 
the objections hitherto urged against open heaters. Briefly 
stated, the following advantages are claimed: (1) Very 
large heating and filtering capacity and also depositing 
surfaces for receiving the deposits of lime and other im- 
purities. (2) Increased facilities for quickly and thoroughly 
cleaning the heater. (3) Effectual devices for separating 
and catching the cylinder oil contained in the exhaust 
(4) Automatic regulation of the inflow of cold 
Its parts 


steam. 
water, thus insuring an even and steady feed. 
are well shown in the accompanying illustration, 
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Annual Meeting of the Connecticut Electric Lighting 
Association. 


The annual meeting of the Connecticut Electric Light- 
ing Association was held in New Haven on Thursday of 
last week. The following officers were elected for 189 
and 1891: President, James English, New Haven; First 
Vice-President. J. A. Hadley, Meriden; Second Vice. 
President, James P. Stow, Middletown; Treasurer, John C, 
English, Bridgeport; Secretary, A. M. Young, Waterbury; 
members of Executive Committee, F. F. Tuessenich, Tor- 
rington; L. C. Whitney, New Britain. 

Sw ee ee 


The Swain Metallic Packing. 





The accompanying illustration shows very clearly the 
construction of the Swain metallic piston rod packing, 
which is now used extensively in electric light stations 
throughout the country. Its construction, as will be seen, 
is very simple, and it combines the excellence of elasticity 
with the durability of an anti-friction metal. The ring, 
which is manufactured by the Swain-Goodsell Metullic 
Piston Packing Company, of Chicago, Ill., is formed of 
three segments provided with tongue joints. When fitted 
to the rod the segments do not come closely together, but 





SWAIN’s PISTON Rop PACKING. 


there is a small space left to allow for the inevitable wear, 
and these spaces are closed up by a compression of the 
gland, as needed. The cushion, being made of indestructi- 
ble fibre specially made for this purpose, allows sufficient 
projection to spread the metallic rings apart, allowing 
water spaces between the rings. Rigid bearing is entirely 
obviated, as well as the.necessity of disconnecting the rods 
in applying the packing. 


Powell's Grease Cup for Street Car Motors. 


The accompanying illustration shows a new form of 
grease cup designed for use on electric car motors. As 
nearly all electric motors are placed beneath the car floor 





RAILWAY MOTOR Oli CUP: 


‘ ™ . a £ e 
and are more or less inaccessible to an attendant, it is quil 


an important matter that the lubricating arrangements 
should be such as to give prompt and efficient service. The 
cup shown herewith is designed to accomplish this without 
unnecessary loss of time, and may be regulated even when 
the car isin motion. This cup, which is manufactured by 
the William Powell Company, of Cincinnati, O.. coer 
structed with a removable charging case. In the illus 
tration, A represents the base chamber, B the hood ¢ 
cover, C the charging case, D an air vent and, @ the guide 
bar to the friction rod D. 

To recharge the cup it is necessary only to pull off the 
hood B, withdraw the case C, refili with grease and 
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place with the friction rod, and return the cover as before. 
‘As the cover slides down the whole length of the chamber 
A, there is little liability of its being lost or shaken off 
while the car is in motion, and ample provision is made 


for the exclusion of dirt or dust from the cup. 


This cup 


js also applicable to any other description of journal where 


grease or solid oil is used. 
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The Electrical Stock Market. 





The manner in which important electrical stocks have 
acted under the influence of the recent tivancial disturb- 
ances is well worthy of attention at the present time. It 
would seem that under such a condition of affairs few if 
any stocks or securities would be absolutely safe from 
sudden and possibly dangerous depression, 


vans 
compelle ) 
mediate necessity, and it would be w 


comparison with the railroad shareholder. 


rsons holding electrical securities have been 
to realize on them at once in order to relieve im- 


to note how the 
holder of electrical stocks who was forced to sell fared, in 


In the first 


place the owners of the last named stocks were caught 
right and left during the depression, being unable to stand 
the demand for more and more money to cover their mar- 
gins. This result could not obtain in electrical stocks, for 
comparatively few of the securities are sold on margin. 
The owner of electrical stocks, therefore, owned his certif- 
icate in full, with few exceptions, and being forced to 

ints per share, 
dison, Thomson- 
Houston, and Bell Telephone; and those holders who had 
the patience to wait a few days before a realization upon 


realize, suffered only the loss of a few 
except in the case of Western Union, 


their holdings, were able to retire with very little loss. 


The list undoubtedly shows depression from the influ- 
ence of the railroad stock market and scarcity of money, 
but these depressions cannot be said to be very serious on 
account of the rally which subsequently came even to the 
stocks that had been the lowest, demonstrating that divi- 
dend paying properties were behind the stocks. 
words clever manipulation would not be likely to come in 


and raise the fallen stocks so quickly if ther 


In other 


was not the 


actual business in the electrical industry to pay dividends. 

If no new clouds appear there is no reason why the 
general course of electrical stocks should not be upward, 
and judicious investors in the belief that the worst 1s over 


are purchasing heavily. 
Money is not likely 
months yet. 


to be over-plentiful for several 
The speculations of England in Argentine 


bonds have cost us dearly and have gone a long way to 
produce the recent panic, as London is a heavy holder of 
American securities and it was necessary for that country 


to realize on them immediately. 


The decline of Western Union stock to 75 was due toa 
well developed attack of aclique of bear brokers. This 
stock is one of the steadiest of the New York Stock Ex- 


change list and is subject to little fluctuation. 


covered and at the close of this report is 78}. 

The fall of Edison General stock under the influence of 
the panic is perhaps the most marked of any on the list. 
This stock is known as a Villard stock, and as those stocks 
were the centre of the attack, Edison went down with the 


rest. 
864 shows that the 


It has re- 


The rapid recovery of the stock in a short time to 
ublic has great confidence in it and its 


dividend-paying ability. The other Villard stocks did not 


recover so rapidly. 


Bell Telephone dropped to 210, which shows a consider- 


able fall from normal. 


This stock, although one of the 


most staple for investment, has always been very fickle in 


its fluctuations. 


Transactions in it are comparatively 


slight, as most of the stock is held for investment, and 
the shares that float in transfer to the Boston Exchange 
are readily subject to any rumor that flies. 

Thomson-Houston stock was attacked quite heavily, and 
at the last issue of this journal was 393, being quite a fall 


from normal. 


and, as shown by the weekly report, is 44. 
_ Westinghouse stock has been giving evidence of depres- 
sion in Pittsburgh for some time past, and strange to say, 
under the influence of the financial disturbance this stock 


actually went up. 
stock at the home of the company. 


special cause. 


The rally the stock has made is a good one, 


This shows great confidence in this 


t The present report 
shows a slight falling off from last week but is due to no 


There have been no quotations on the 


Boston lists of Westinghouse stocks for several weeks past. 
This would seem to indicate that the future dealings in this 
stock are to be confined to Pittsburgh so far as the Exchange 


sales are concerned. 


The general market given below shows that electrical 
‘securities have stood remarkably well under the condition 
of affairs that existed, and commend themselves readily 
to conservative men for investment in preference to rail- 


road shares. 


The closing prices bid on Saturday, Nov. 22, as furnished 
by F. Z. Maguire & Co., 18 Wall street, were : 


Name of Stock. 
NEW YORK. 


Western Union Telegraph Co............ 100 
American Telegraph & Cable . ........ 100 
entral and South American............ 100 
UPR oo. 4.0 eee 100 
Commercial oS A RRR es 100 
ostal Telegraph Cable...................- 100 
Edison General RT 9 ae 100 


; * Deferred... .100 
Consolidated Electric Light - 








ated Electric Light..... 100 
dison Electric Uluminating Co.. .100 
shited States Electric Light,.... ...... 100 

North American Phonograph............ 100 

BOSTON, 

Thomson-Houston Blectric Co........000. 25 

- preferred... 25 

be - Series C..., 10 

a I ae Sore 2... 
nternati ence ( 

Thomson Welding Co.. a a . 100 

Ee European Welding Co..........100 

Ft. Wayne Electric C Pe Use ceccnses ww 

Telephone: ID addi pcccwace ak eade 25 
American Bell,...... . 100 
Erie PIE «S23 ns Dla. Sigteh ks 100 
New England..00050777077 000000022 "199 

IS Ueetauas dak etcac cane 04 cord ceed 10 
Topical American Vivddeccdsitkcds scetinc ae 
MISCELLANEOUS 
Edison Phonograph Rae eae 10 
7 WASHINGTON. 

Gennsylvania OMINGING 63 kati sdssais. 50 
- Sapeake & Potomac................... 100 
wwerican Graphophone .................. 10 


hited Stat 


es Electric Light (Wasbing- 


eh? S00 RR Gaeta ge 50 

Georgetown and Tennallytown .......... 50 
esti ss PITTSBURGH. 

Westinghouse Electric Mfg. Co.......... 50 


Par. 


Capitalization. 


86,200,000 
14,000,000 


Rid. 


78% 

83 
1.55 
2.10 


24% 
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NEW YORK NOTES, 


OFFICE OF THE ELECTRICAL WORLD, 
167-177 Timks BUILDING, NEW YORK, Nov. 24, 1890. 


George E. Cabot, of the Holtzer-Cabot Company, Boston, was 
in town this week. 


New Offices.—The Okonite Company is fitting up a fine set of 
offices at 13 Park Row, this city., When completed these offices will 
be among the finest occupied by any electrical company in this 
city. The enlargement of the offices was.made necessary by the in- 
creased business of the company. 

Gold Medal Awarded.—At the recent Edinburgh exhibition 
the Magnolia anti-friction metal, with which our readers are famil- 
iar, obtained a gold medal, the highest award given to anti-friction 
metals. This metal is manufactured by the Magnolia Anti-Friction 
Metal Company, of 74 Cortlandt street, this city. 


Special Correspondence. 





| Lighting from Mason’s Batteries.—On Tuesday evening ° 


of last week in the Old Christ Church, corner Fifth avenue and 
Thirty-fifth street, this city, an exhibition was given of the “New 
Ideal of Christ,” the painting being lighted with electric lights de- 
riving their current from Mason’s primary batteries. 


The Accumulator Company, 44 Broadway, New York, is 
receiving its share of orders, and has just shipped 125 cells oi its 
15L accumulator to Nova Scotia. Over 500 cells have been shipped 
to the Pacific Coast in the last three weeks, and the company is to 
send to San Jose 120 cells of the 15L type, also 150 of the same type 
to San Francisco. 


The fourth, annual ball of the Aid and Benefit Associa- 
tion of the employés of the Citizens’ Electric Illuminating Com- 
pany, of Brooklyn, will be held on the 5th of December. The offi- 
cers of this association are: Joseph Supple, President; B. F. Rush. 
vice-president; Edward Reynolds, secretary, and J, R. Barefield, 
treasurer; Messrs. E. F. Peck and L. Duncan are the trustees, 
and Mr. J. Duncan is the chairman of the executive committee. 


The Edison Dluminating Company, of Brooklyn, is ex- 
tending its underground conduit system throughout the western 
district. It isan amusing sight to see the installation going on at 
night, particularly on the main streets, where the colored lights 
are used for signals of danger, blue lights for the soldering torches 
and large lights for illuminating the work. This company is con- 
structing a large station in Bedford avenue, whence it is to distrib- 
ute current to the middle section of its district. The company is to 
run large wires from the main station in Pearl street to the Bed- 
ford station, and use this current until this plant is installed, dis- 
tributing from the Bedford station. It is now installing more than 
250 h. p. of engines, Edison dynamos, as well as more Babcock & 
Wilcox boilers to meet the increased demand. W TF. B. 





NEW ENGLAND NOTES. 


BRANCH OFFICE OF THE ELECTRICAL WORLD, 
Room 8, Cook Building, cor. Franklin and Congress Sts. 
BosTon, Nov. 22, 1890. 
Pierce Bros., of Leominster, Mass., will at once go into the 
manufacture of every form of light street railway material. 


The *‘“*Becker Vertical Miller’? is attracting great attention 
at the Mechanics’ Fair. The work done by this machine is simply 
marvelous. 


Theo. Mosher, of the Mosher Arc Lamp Company, returned to 
Abilene, Kan., this week, having secured as his agents in New 
York and the East Alexander, Barney & Chapin, of New York. 


The M. C. M. A. Club, composed of exhibitors, attendants and 
the management of .the big fair, will have a banquet at the Quincy 
House, the evening of Dec. 1. Itis expected that at least 200 per- 
sons will be present. 


Boston Electric Club.—The nominating *comnittee has an- 
nounced the following ticket for officers for 1891: president, Capt. 
Eugene Griffin; vice-presidents, C. J. H. Woodbury, C. L. Edgar; 
treasurer, F. J. Boynton; secretary, R. F. Ross; historian, George 
W. Mansfield. 


The Mason Regulator Company’s exhibit at the fair isin 
charge of Mr. L. A. Palmer, who works for his company’s interest 
every minute, and any one wanting a regulator cannot escape. The 
business of this company is constantly increasing, the factory at 
Dorchester being pushed to its full capacity. 


The Russell Electric Company has succeeded to all the pat- 
ents, business, etc., of the Russell Electric Lamp Company. Its fac- 
tory at Ballardvale will be pushed to its fullest capacity. In addi- 
tion to the manufacture of the company's regular arc lamp, a small 
arc lamp will be manufactured, 20 inches lorg, called the “Baby 
Russell.” 

The Eastern Electrical Supply and Construction 
Company is doing a splendid business. Its agents on the road 
report that the call for its specialties is something remarkable. 
This company has as its directors such well-known electrical men 
as Maybin W. Brown, C. F. Hutchinson, A. O. Smith and George 
Buckminster. 


Mr. L. MH. Rogers, New England agent for the Brush Electric 
Light Company, reports the installation of a 600-light new Brush al- 
ternator for the Manchester Gas and Electric Light Company, Man- 
chester, N. H., and that the company is laying the foundation for 
two more 1,000-light machines, This station otherwis. is a Thom- 
son-Houston station. The company has installed a 500 h. p. Greene 
engine. 

An Inspector Appointed.—Mayor Hart has appointed Mr. 
B. 8S. Flanders to be inspector of electric wiresin the city of Boston. 
Mr. Flanders is at present superintendent of Bostog’s fire alarm 
telegraph, a position which he has held since the reorganization of 
the fire department in that city. The appointment has not been 
confirmed by the Board of Aldermen, but probably will be at its 
meeting next Monday night. 


The International Beacon Vacuum Pump and Elec- 
trical Company has been incorporated. The capital stock is 
$500,000, par value $100. The directory of the company 1s as follows: 
President, .J. Heilborn; vice-president, H. 8. Kaliske; secretary 
and treasurer, L. E. Whicher. The Beacon vacuum pump syndi- 
cate will control the Beacon apparatus in England, Germany, 
France, Belgium and Canada; the operations of the International 
Company will extend over all other outside territory. The foreign 
patents have already been received from several countries, A visit 
to the factory of the parent company, on Irvington street, this city, 
shows that this company is getting rapidly into shape to do busi- 
ness. New machinery has been added, and all the tools for making 
incandescent bulbs are very nearly finished. Additional floor space 
of 10,000 square feet has been secured, and will be occupied Feb. 1, 
on the removal of the parties now occupying it. The company, in 
addition to the manufacture of incandescent lamps, will put on the 
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market the Edison electric meter, & néw arc lamp for incandescent 
circuits, with many new features, and the Beacon socket, which fs 
said to have considerable merit. One of the new pumps will be 
finished by Feb. 1, and it is expected to do even better work than 
the first one, the operation of which was described in THE ELEc- 
TRICAL WORLD of April 26, 1890. L. H, H. 





PHILADELPHIA NOTES, 
BRANCH OFFICE OF THE ELECTRICAL WORLD, 
31 Ciry BUILDING, PHILADELPHIA, Nov. 22, 1890. f 
W. S. Griffith & Co. have just increased the electric light 
plant of the Westmoreland Paper Company by 100 lights. They are 
also installing an electric elevator plant for the Biddle estate at 
118 South Broad street, Philadelphia. 


Mr. J. W. Parker, the manager of the Philadelphia office of 
the Ball Engine Company, of Erie, Pa., closed a contract last Satur- 
day with the Edison Electric Illuminating Company, of Mt. Carmel, 
Pa., for one 100h. p. standard Ball engine and one 125h.'p. horizontal 
boiler, a new pump, heater and injector, and has also a contract to 
erect the new plant complete. This station is one of the very first 
that was equipped with the Edison three-wire system. It will now 
be rebuilt in a new location, and will be furnished with a pair of 
new Edison No. 10 dynamos, and entirely remodeled. 


Removal Notice.—Messrs. Partrick & Carter, manufacturers 
of electrical supplies, now located at 114 South Second street, Phila- 
delphia, have given notice that they will remove about Jan. 1, 1891, 
to large buildings at No. 125 South Second street and 131 Gothic 
street. These buildings are now being altered and fitted up for the 
special use of this firm, which will occupy five complete floors.. 
Messrs. Partrick & Carter have recently taken orders for electrical 
goods from Copenhagen, Denmark, and Kingston, Jamaica, which 
they say came to them through an advertisement in THE ELECTRI-~ 
CAL WORLD. W. F. H. 





i 
WESTERN NOTES. 
BRANCH OFFICE OF THE ELECTRICAL WORLD, 
465 THE ROOKERY, CHICAGO, Noy. 22, 1890. 
Louisville, Ky.—Mr. C. 8. Knight, of the Fort Wayne Elec- 


tric Company, has just closed a contract with the Louisville Gas 
Company for 720 arc lights, 20,000 c. p. each, of the Wood system. 


The C. C. Perry Company, Indianapolis, Ind., is reported 
to be furnishing current for about 50 Jenney motors ranging in size 
from one-eighth of a h. p. up to a 30-h. p. machine, all of which are 
giving excellent service. 

Mr. Julius Andrae, Milwaukee, Wis., has secured an order 
for an additional Mather incandescent dynamo from F. Layton & 
Co., the first one having been installed some six weeks ago. This 
company is using the Ward arc lamp with good results on its incan- 
descent circuits, 


Mr. William Hood, the Western manager of the Accumu- 
lator Company, will have the Edco storage battery car, referred to 
in THE ELECTRICAL WORLD of Oct. 25, in operation on the Dearborn 
sireet line in Chicago on Monday next. This will be the first street 
car of this type operated in Chicago. 





Mr. Morgan Brooks, the secretary and treasurer of the Elec- 
trical Engineering and Supply Company, St. Paul, Minn., wasin 
the city last week en route home from the East where he has been 
placing numerous orders for supplies and construction material. 
Mr. Brooks is convinced that the field in the Northwest is suffi- 
ciently large to support a well-managed supply house, and the or- 
ders already received indicate that this new venture will receive 
cordial welcome at the hands of the central station managers. 


The Electrical Supply Company, of Chicago, is to be con- 
gratulated upon securing the services of Mr. Charles Wirt, the 
well-known electrical engineer. Mr. Wirt is an electrician of wide 
experience and a high order of ability, and his reputation is firmly 
established ainong the electrical fraternity of the country, chiefly 
on account of the Wirt standard voltmeter, and the Wirt lightning 
arrester, which is meeting with Jarge sales by reason of its simplic- 
ity and reliability. Mr. Wirt will add strength to the electrical 
corps of the Electrical Supply Company, and will aid largely in 
elevating the quality of new goods issued by this company. 

Telephone Quotations.—Col. 8. G. Lynch, broker, 153 Mon- 
roe street, Chicago, furnishes quotations on telephone stocks as 
follows: 





CS Nt vibes aces $298@$300 | Cumberland............ $ 59@ $60 
Central Union.......... 55@ 57 | Wisconsin.............:- 118@ 120 
ON, 5 in 5a ces cone 91@ 93 | Bell of Missouri......... 155@ 160 
Great Southern......... 32@ 35| Iowa Union............. 20@ 21 
rae. 38@ 40| Missouri and Kansas... 55@ 57 
Rocky Mountain Bell.. 40@ 45 





ELECTRIC LIGHT STOCKS. 
Chicago Are Light and | Chicago Edison Co..... $130@3132 
93@ S96 


Mr. T. J. Wilson, president and manager of the Western 
Electrical Supply Company, ef St. Louis, and James Benson, J. J. 
Wetmore and 8. L. Dwight, of Centralia, Ill., have secured an ex- 
clusive franchise for electric light and power for the city of Cen- 
tralia, D1., for a term of 10 years. A $10,000 plantis to be established 
at once by the Western Electrical Supply Company. This company 
has also secured the contract for the installation of an entire 100- 
light plant for the Anheuser-Busch Brewing Association; also one 
of the same size for the Mound City Paint Company. Considering 
the short time this company has been in operation it has made an 
excellent record. 





MINNEAPOLIS, Minn., Nov. 20, 1890. 
A Olty Enjoined.—-The city council of Stevens Point, Wis., 
has been enjoined from issuing $10,000 bonds for the establishment 
of an electrical lighting plant. 


Changed Hands.--The Electrical Northwest, a 
monthly at St. Paul, has changed hands. 
hereafter be the managing editor. 


New Quarters.—The Edison Light and Power Company of 
Minneapolis is fitting up handsome and commodious office quarters 
on the ground floor of the Lumber Exchange, which is a part of 
the new 12-story power building they have recently erected. Thus 
far about a dozen of the principal printing establishments of the 
city have availed themselves of the advantages of their immense 
building and its facilities for power and light. 


‘To Harness the Falls for Electrical Purposes.—The 
organization of a company capitalized at $1,000,000 is now in pro- 
gress, the purpose of which is to build a dam across the Mississippi 
at Spirit Island, to secure the undeveloped water power for the 
purpose of generating electricity for light. Ex-Governor John S 
Pillsbury leads the company, and is the authority for this state- 
ment of its purposes. He expects to have the arrangement so far 
advanced by spring that work may be commenced and rapidly 
completed. 


A New Electric Line.—The project to connect Medicine 
Lake, Golden Valley and Plymouth with the city of Minneapolis, 
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by means of an electric railway, is taking definite shape. A public 
meeting of the suburban and city property owners interested has 
been held, and the initial steps for forming a stock company taken. 
It. is proposed to boulevard Sixth avenue, from Penn avenue to 
Medicine Lake, and build the line on that handsome thoroughfare, 
connecting at Penn avenue with the Minneapolis street railway. 
Cc. C. Dunn and Jacob Barge, prominent Minneapolis capitalists, 
are behind the enterprise, and articles of incorporation will be 
filed within a few days. 


Enjoined the Company.-— John G. Gluck, who is the owner 
of considerable property on Hennepin Boulevard, has procured a 
writ of injunction from Judge Lochren,restraining the street railway 
company from constructing its proposed line on that thoroughfare. 
This matter has heretofore been the subject of much bitter con- 
troversy. Hennepin is an aristocratic boulevard and the owners of 
abutting property do not want its beauty disturbed by the innova- 
tion of rapid transit. Two months ago the City Council passed an 
ordinance requiring the Minneapolis Street Railway Company to 
build and maintain a line along it, and the commencement of work 
precipitated this latter difficulty. Mr. Gluck represents about half 
of the property owners interested and proposes to make a very 
stubborn fight. F, DE L. 


ENGLISH NOTES. 
(From our own Correspondent.) 
LONDON, Nov. 12, 1890. 
The Coffin Electric Welding System.—Great efforts are 
being made in this country to push this system of welding. 
The Encouragement of Science,—A Mr. Frank McClean, of 
Tunbridge Wells, has just presented £12,000 to the University of 


Cambridge for the purpose of founding three Isaac Newton 
studentships for the encouragement of scientific research. 








Air Space Caleulations.—A curious fact connected with the 
air space of dynamos has apparently been brought to light by Mr. 
F. V. Andersen, of the firm of Latimer, Clark, Muirhead & Co. He 
finds that the magnetic resistance of air is proportional to the ratio 
of the length squared and the cross section of the path; hence, 
while the magnetic resistance between two parallel sides of a cube 
of iron is inversely proportional to the linear dimensions of the 
cube, the resistance between two parallel sides of the cube of air is 
the same, whatever the dimensions of the cube. Mr. Andersen has 
no mathematical theory in support of this statement, but as he has 
designed numerous dynamos with the aid of a formula based upon 
this assumption, it seems as if the matters were worth looking into 
further. 


The Edinburgh Exhibition.—This exhibition, which, as I 
mentioned in a previous letter, has resulted in a deficit variously es- 
timated at from £25,000 to £40,000, was visited during the six months 
it was open by 2,411,000 persons, the number of visitors at the exhibi- 
tion at Edinburgh in 1886 being nearly 2,800,000. Mr. Lee Bapty, the 
general manager of this concern, was arrested ina most summary 
fashion the other evening at Edinburgh as he was stepping into the 
London express. This action seems somewhat vindictive, since 
the writ was issued at the instance of one of the creditcrs of the 
exhibition, who discovered that Mr. Bapty was a guarantor for 
£500, and filed an application to the sheriff for his arrest on the 
ground that Mr. Bapty was about to abscond. Asa matter of fact, 
Mr. Bapty was about to leave the country, but merely for the pur- 
pose of taking up the position of general manager of the Interna- 
tional Exhibition at Jamaica. 


The Collection of Electrical Data.—Mr. Crompton, who 
brought forward some time ago a proposal that a sort of inter- 
national society should be formed for the collection, publication and 
distribution of statistics effecting the electrical industry, has now 
brought his proposal into a concrete form and a circular letter 
together with tables to be filled up have been sent round to all 
the members of the Electrical Section of the London Chamber of 
Commerce. Table lis likely if filed up to any great extent to 
prove of considerable value, as from it the efficiencies of the vari- 
ous parts of central station apparatus can be seen ata glance for 
full, light and heaviest loads. Another much discussed point 
which this table if made use of would set at rest is the average 
*‘load factor” of a central station. Just what ratio the average an- 
nyal output of an English centra: station bears to the maximum 
annual possible output is at present completely unknown. Table 2 
would clearly bring out the various items which goto make up the 
total cost of production and distribution of electiical energy. If 
this scheme meets with a fair amount of support in the metropolis 
Mr. Crompton then proposes circulars that should be sent out to elec- 
tric supply companies all over the world. If a tithe of the informa- 
tion asked for can be obtained, Mr, Crompton will have deserved 
well of the electrical public. 


News of the Week. © 
THE TELEGRAPH, 


Telegraphy in the Transvaal.—According to the London 
Electrician there are now 31 telegraph offices open in the Trans- 
vaal, and in the quarter ending March 31 this year 149,377 messages 
were dispatched, while 141,229 were received. In these tatals 
Johannesburg figured with 76,388 and 71,373 telegrams respectively. 
The amount received for the telegrams dispatched from the Trans- 
vaal during the three months ending March 31 this year was £12 - 
417 15s, 2d. 











THE TELEPHONE. 


Telephony between London and Paris.—lIt is said that 
the work in connection with the establishment of telephonic com- 
munication between London and Paris is being pushed forward 
very rapidly on the English side of the Channel, and has made such 
satisfactory progress during the last few weeks that it is reported 
that communication will be established early in the new year, 
probably as early as January. Some alterations, however, have 
been decided upon in reference to the route to be taken by the 
cable. Instead of crossing the Channel and touching the English 
coast near Hythe, it has been decided to land it at St. Margaret’s 
Bay, where it will be connected with a special wire running from 
this point via Dover, Folkestone, Ashford, and Maidstone to Lon- 
don. 


Telephones for Private Use.—The Boston Herald says: 
‘It ig understood that the Bel) Telephone Company is about to 
make a new departure in one branch of its business which promises 
to prove highly beneficial to the public as well as to the company. 
It proposes to sell telephones outright to parties desiring them for 
private use, the cost of each instrument complete not to be over 
$10. These telephones will not, of course, be permitted to connect 
with the central office, but will be allowed to be used solely for 
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private intercommunication without recourse to the general sys- 
stem. Of course, this will be of great advantage to individuals who 
may have need of such a means of communication with each other, 
and it will further popularize the telephone tremendously.” The 
officials of the Bell Company in Boston say that this scheme has 
been talxed of for the last two years, but as yet no definite action 
has been taken in the matter. 


THE ELECTRIC LIGHT. 


Darlington, 8S. C., will soon be lighted up with electricity. 


Williamsport, Pa.—Pattison Brothers, of New York, are re- 
constructing the pole line of the Edison Electric Nluminating Com- 
pany and putting the en-ire system in thorough repair. 


Florence, 8S. C., wishes to add her name to the list of pro- 
gressive towns using electricity as a means of lighting. A com- 
pany has been formed, the president of which is Jerome P. Chase, 
and the electrician L. N. Cox. 


Lockport, Ill., is now lighted with 32c. p. Edison lamps, a 
part of the equipment having been put in operation on the 15th 
inst. There are still some 10 Ward arc lamps to be added and about 
20 more 32 c. p. lamps. Mr. M. Douglass Van Buren, of,the Edison 
General Electric Company, has charge of the work. 


Consolidation.—Mr. J. L. Norton, of Lockport, Ill., has pur- 
chased the controlling interest in the stock of both electric light 
companies now operating at Joliet, Ill., and proposes to consolidate 
the two and combine the two existing central stations. Water 
power will be used instead of the present steam plant. 


E8ecent Sales.—The Western Isolated Lighting Department of 
the Thomson Houston Electric Company reports the sale of a 200- 
light incandescent plant to the Weisel & Vilter Manufacturing 
Company, Milwaukee, Wis., and a 20-light incandescent plant to 
Balatka Brothers, Chicago, besides a 400 incandescent light plant 
to the Soldiers’ and Sailors’ Orphans’ Home, at Kingston, Ind. 


The McKeesport Electric Light Company has just 
ordered a new 50 light arc machine, as the present capacity of its 
arc light department is becoming inadequate to meet the demand. 
The immense National Tube Works plant, the largest concern of 
the kind in this country, or the world, was until recently lighted by 
natural gas, but that method of illumination having become a little 
too costly, a call was made upon the electric light company for arc 
lights, and this in a measure accounts for the increase. The of- 
ficials of the light company say that they expect it will not be long 
before another 50-light machine wiil be needed. 


Storage Battery Lighting in Chelsea, Eng.—Mr. Hubert 
Musgrave, engineer of the Foreign and Colonial Electrical Power 
Storage Company, .Ltd., writing to Mr. D. H. Bates, the general 
manager of the Electrical Accumulator Company, of this city, gives 
some interesting information concerning a large central station 
plant operated by accumulators. He says: “1 have pleasure in in- 
forming you that the central station in Chelseais not only giving 
every satisfaction to the technical staff, but what is more important 
j8 being highly appreciated by the consumers in the neighborhood. 
The point I presume that will be of most interest to you is the ques- 
tion of the life of the storage batteries in use. These are all of the L 31 
type and you will be happy to learn that’ no renewal either of the 
positive or the negative plates has taken place with any of the bat- 
teries even to the oldest which was brought into operation about 
20months ago. Very little deposit has accumulated at the bottom 
of the cells, although some of the batteries have received very 
heavy work, and we are in hopes that no considerable renewal of 
positive plates will arise for at any rate 18 months or two years. 
The method of charging the batteries in series proves to be an ex- 
ceptionally good one, because every cell is always in the same con- 
dition as its neighbor, and this advantage is further accentuated by 
all the cells of the main batteries being worked to the same extent, 
and for the purpose of regulating counter electromotive force cells 
are only employed.” 


APPLICATIONS OF POWER. 


Beaumont, Tex.—A franchise has been granted to the Beau- 
mont City Street Car Company to put in a complete line electric 
street car system at once, and operations will be begun accordingly. 


The Short Electric Bailway Company announces for the 
month of November the following contracts for electrical equip- 
ment: Schuykill Electric Railway Company, Pottsville, Pa.; 
Watervliet & Turnpike Railway Company, Albany, N. Y.; Texar. 
kana Street Railway Company, Texarkana, Ark.; Lindell Avenue 
Railway Company, St. Louis, Mo.; Syracuse & Onondaga Railway 
Company, Syracuse, N. Y. 


The Pittsburgh Union Railway Company’s Managers 
are anxious to change from mule to electric power as quickly as 
possible. The company has commenced the work of constructing a 
line for the electric cars, but has just encountered trouble from one 
of the stockholders, who has filed a bill in equity in the Pittsburgn 
courts, asking the judge to restrain the management from going 
forward with the work, the stockholders not having given their 
consent to the new arrangement. 











Increase of Business.—Business upon the Second avenue 
street railway line, of Pittsburgh, has increased at a wonderful 
rate. At first, 10 cars were used; now the number has been in- 
creased to 20 and each one of these is kept very busy. The manage- 
ment evinces a desire to make comfortable the patrons of the road. 
Stoves have just been placed in all the cars, complaints having 
come in that some passengers had been suffering from the cold 
weather. The Thomson-Houston system in the one in use upon the 
line. 


Westinghouse Railway Work.—lIt is now a little more 
than two months since the electric street railway in Lansing, 
Mich., the first road operated by the Westinghouse electric street 
railway systen® was put in operation. This equipment was fully 
described and illustrated in THE ELECTRICAL WORLD of Sept. 20 
last. Since then the company has completed the equipment for 12 
roads, which to-day are said to be running to the utmost satisfac- 
tion of the purchasers and the manufacturers. A few days ago, the 
managers of the Lansing road, in a letter to the Westinghouse 
company, stated that although they had a number of difficulties 
to surmount in the construction of the road, they were 
glad to say that everything had been overcome, and that 
they felt positive that the Lansing Electric Railway was 
to-day the best equipped street railroad in this country. It must 
not be forgotten, however, that while speaking of difficulties, that 
term in no wise referred to the motor equipment of the road. ln 
fact, as far as the Westinghouse motor is concerned, it is said that 
the apparatus runs as smoothly and noiselessly to-day as it did on 
the first day it ran along Main street, Lansing. The Westinghouse 
Electric and Manufacturing Company has now increased the 
capacity of the motor department to an extent which enables the 
firm to manufacture and ship 100 motors per month. The company 
has at the present time 50 new roads under process of construction, 
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and as the facilities and the working capacity of the motor depart- 
ment are constantly increased, it is expected that within a very 
short time the supply will be equal to the current demand. 


PERSONALS. 


Mr. HW. A. Cleverly, of Philadelphia, was in New York on 
business on Tuesday of last week. 

Mr.T. D. Lockwood was in New York last week and attend- 
ed the monthly meeting of the Institute of Electrical Engineers on 
Tuesday night. 

Mr. Chas. E. Pattison, of Pattison Bros., this city, has re- 
turned from a business trip to Atlanta, Ga., and is now looking 
after the firm’s interests in Pennsylvania. 





Prof. E. Dills gave a lecture on general applications of elec- 
tricity to a large audience in the City Hall at Sprague, Lincoln 
County, Wash., on the llth inst. The local papers speak very 
highly of it. 


Mr. J. E. Atwood, of Stonington, Conn., who is considerably 
iuterested in electrical matters both in the East and in the far 
West, passed through New York city last week on his way to San 
Diego, Cal., where he will spend the winter. 


Mr. G. W. Atterbury, one of the St. Louis representatives of 
the Westinghouse Electric and Manufacturing Company, was a 
visitor to the home office at Pittsburgh this week. Mr. Atterbury is 
said to have recently done some very good work for his company. 


Mr. Th. Gonet, of the Westinghouse Electric and Manufactur. 
ing Company, has left for Helena, Mont., where he will superin- 
tend the starcing of the Westinghouse street car equipments 
which have been purchased for use in Helena by the street rail- 
way company of that place. 


Prof. W A. Anthony, president of the American Institute of 
Electrical Engineers, is making an excellent record of attendance 
at the meetings of the Institute. Since his election he has been 
present at all of the monthly meetings and has presided over the 
Institute’s discussions and deliberations. 


Dr. Sehuyler S. Whteler,!of the Crocker-Wheeler Motor 
Company, of this city, delivered a lecture Friday evening of last 
week before the Department of Electricity of the Brooklyn Insti- 
tute on “Some Applications of Electricity.’”’ The lecture was 
illustrated by experimental demonstrations. 


Mr. A. J. Lawson, for some years the Canadian agent of the 
Edison Company, and later agent for the Brush Electric Company 
in that country, has accepted the position of superintending elec- 
trical engineer of the Siam Electric Light Company, and has al- 
ready gone to that country to locate at Bangkok. The Siam com- 
pany has purchased a Mordey alternating current plant of 10,000 
lights capacity, which will be installed under Mr. Lawson’s super- 
intendence. 


Mr. Allan R. Foote, secretary of the National Electric Light 
Association, has issued in pamphlet form two papers, one of which 
he read before the North Carolina State Firemen’s Association, 
May 20 last, and the other before the Western Gas Association at its 
annual convention at St. Louis, May 22. One paper is entitled “The 
Dangers to Firemen from Electric Light Wires in Buildings,” and 
the other “‘By-Products of Experience.” The pamphlet contains in 
all 16 pages and is filled with valuable statistics and general infcr- 
mation. 





MISCELLANEOUS NOTES, 


A Correction.—In our recent article describing the direct 
coupled Edison-Hopkinson engine and the Willans engine the 
stroke was given as 16inches. This should have been six inches. 





A Prospectus of the National Electric Light Association has 
been issued by Mr. Allan R. Foote, the secretary, which contains 
the constitution of the Association, a list of its officers, and of the 
committees that are to report to the thirteenth convention to be 
held in Providence, R. I., and in addition gives a complete list of 
the active and associate members, and a very creditable synopsis 
of the proceedings of the Cape May convention of August last. 


Electrical Trades Directory and Handbook.—The Lon- 
don Electrician has in preparation the ninth annual edition of its 
well-known electrical directory, which will be issued about the 
first of the year 1891, and will contain a carefully compiled list of 
British, Colonial, and foreign electricians, electrical engineers, and 
of all persons engaged in electrical pursuits throughout the world. 
In addition to this list there will be useful tables relating to dyna- 
mos, arc, and incandescent lamps, batteries, etc., and a biograph- 
ical section giving interesting particulars concerning emiuent men 
connected with electricity in all its applications, together with por- 
traits. Naxnes, addresses, and occupations for this directory should 
reach the publishers not later than Dec. 24. 








J. H. Hummel, 153 Fulton street, is the manufacturer of at 
excellent line of ventilators for all purposes for which blowers and 
ventilators are used, and a nice exhibit of the same can be seen al 
the above address. 


The Eureka Tempered Copper Company, of North East, 
Pa., hasissued aneat little pamphlet describing the uses of its 
tempered copper for various kinds of electrical work, and giving 
testimonials from those who have used it, together with reports of 
tests of various samples of the material at different laboratories. 


The Standard Paint Company has issued a little pamphlet 
describing its electrical insulating compounds, ordinarily known 4 
the “P. & B.” compounds. Besides accurate descriptions of thes 
compounds the pamphlet contains letters of recommendation from 
users of these materials together with price lists of the company’ 
goods. 


The Walker Electric Company, 50 Broadway, New York, 
is placing a large number of orders for its registering ammeter, 
well as the ampére and volt meters, among which is a large order 
for the Pacific Electric Storage Company, of San Francisco, and 
one from the Electro-Dynamic Company of Philadelphia for 0 
registering ammeters. 


The Southern Electrical Supply Company, of s 
Louis, Mo., is introducing the Connecticut motor in the Wes 
and is carrying a number in stock. This motor is two well know! 
and highly regarded to require any extended description and its #- 
lection by the company is another example of the business sagacity 
exhibited in looking after the requirements of its patrons. 

Messrs. Thompson, Reed & Co., of 31 Liberty street, thls 
city, after a number of years of practical experience in all kinds of 
electric street railways and motor work, are prepared to construe 
and equip street railways complete under any electric system, using 
either overhead wires, conduit, or storage batteries. They 4ré also 
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prepared to act as consulting engineers, to supervise the construc- 
tion of roads, test the efficiency of the plants, etc. 


The Hazeltine Arc Carbon Shield has been materially 
modified in form from its original design and is now a very simple 
device worthy of the attention of central station managers, owing 
to the great claims made for it in the saving of carbons. It is be- 
lieved that the radical changes that have been made in its con- 
struction render its operation much more perfect. The actual per- 
centage of saving will be determined by further tests. 


W. J. Robinson is president of the newly organized American 
Private Telephone Company, 64 Broadway. This company is man- 
ufacturing and introducing a very excellent acoustic telephone, 
and exhibiting same in connection with its office, running over into 
the Aldrich Court Building at 45 Broadway, and in its construction 
there are several sharp angles, a severe test for the acoustic tele- 
phone. The whole distance of the line must be about 600 feet. 


Carter Ore Separator and Concentrator Company, 
formerly of New York, some time since secured a factory in Brook- 
lyn at 256-258 St. James Place, where it is making its headquarters. 
The separator and concentrator uses no dynamo, and, as the com- 
pany say, requires no skilled labor. This machine is especially 
adapted for separating pulverized iron ores from the refuse. A full 
sized machine in operation is on exhibition at the above address. 


Messrs. J. W. Queen & Co., of Philadelphia, have issued a 
little pamphlet pointing out the chief characteristics of the Ayrton 
& Perry magnifying spring ammeters and voltmeters, of which they 
are the United States agents. A price list of the instruments, 
which range for the ammeters from 1-10th of an ampére to 600 am- 
péres, and for voltmeters from 1 to 10,000 voles, is also given, to- 
gether with testimonials from users of the instruments in this 

ountry. 

E. A. Williams & Son, 107-111 Plymouth street, Jersey City, 
N. J., are manufacturers of electrical specialties, and make a busi- 
ness of smelting, casting, etc. They are large manufacturers of 
fuse wire, wire solder, babbitt metal and aluminium castings. They 
also make to order castings of any metal, for electrical purposes. 
This firm has a high standing throughout the United States for its 
specialties, and has every facility for turning out goods in any 
quantity desired. 


The Continental Grate Company, of Boston, offers to the 
public the latest improvement in movable grates, combining dura- 
bility and economy with the best known movement for removing 
the ashes and keeping the fire fresh and clean, thereby insuring a 
uniform draft and a saving of fuel from perhaps 10 to 20 per cent. 
This grate is also adapted to any boiler without change of fire-box. 
Several strong testimonials from electric light companies have been 
received by them. 


The National Water Tube Boiler Company, 18 Cort- 
landt street,New York City, has a large number of its boilers in use 
in electric light and power stations throughout the United States, 
and has large contracts under way. The company has lately closed 
contracts with the Essex Electric Street Railway Company, at 
Peabody Mass., for boiler plant complete; also 600 h. p.of boilers 
for the Sawyer-Man Electric Company, New York, and 200 h. p. for 
the Columbia Electric Light Company of Philadelphia, Pa. 


The Sherman Non-Friction Car Axle Company, capital 
100,000 shares, $5 each, has opened offices at 27 Kilby street, Room 
8, Boston. Wm. F. Sherman, of Lowell, is president, and B. L. M. 
Tower, of Boston, treasurer. The company will manufacture and 
sell the Sherman non-friction car axles, for which they claim the 
saving of a great deal of power, of car wheels, wearing and heating 
of the journals, oil and time of applying it, and of straining of 
tracks and cars. Itis also claimed that it overcomes danger of 
running off tracks and curves, and prevents the disagreeable noise 
caused by the wheels grinding around curves, 


OUR ILLUSTRATE 


. 8. PATENTS ISSUED NOY. 18, 1890. 


440,614. Electric Switch; Ernest I. Barberie and James des 
Brisay, of New York, N. Y. Application filed April 8, 1890. A 
switch consisting of a fixed electrode, in combination with two 
movable electrodes mechanically connected to each other and toa 
switch-handle, whereby said movable electrodes are adapted to 
grip the fixed electrode. 


440,627. Electric Meter; Sebastian Ziana de Ferranti, of 
Hampstead, England. Application filed Oct. 9, 1888. In an elec- 
tric meter, the combination of a rotating armature, registering 
mechanism driven thereby, a coil carrying the current to be 
measured and within the field of which the armature rotates, 
and a compensating coil of higher resistance also acting to pro- 
duce rotation of the armature. _ 


440,640. Electric Welding Transformer; Hermann Lemp, 
of Lynn, Mass., Assignor to the Thomson Electric Welding Com- 
pany, of Maine. Application filed April 16, 1890. The invention 
consists in securing uniform heating at different parts of the work 
by supplying the different parts of the work from different 
sources of energy and regulating the different sources independ- 
ently of one another. 


440,641. Electric Welding Apparatus; Hermann Lemp, of 
Lynn, Mass. Application filed June 13, 1890. The combination, 
in an electric metal-working apparatus, of a plurality of trans- 

ormer secondaries arranged parrelallel to one another and in con- 
tact with the work-holding devices, so asto apply current to the 
same in multiple arc. 


440,654. Lightning Arrester; Edwin W. Rice, Jr., of Lynn, 
Mass. Application filed Aug. 15, 1889. The combination, with 
the electric apparatus to be protected, of a lightning arrester in 
a branch to earth of low self-induction, and a self-inductive coil 
interposed between the said apparatus and the point of connec- 
tion of the lightning arrester. 


440,662. Electric Are Lamp; Elihu Thomson and Edwin 
Ww ilbur Rice, of Lynn, Mass., Assignors to the Thomson-Houston 
Electric pompany, of Connecticut. Application filed Jan. 3, 1884. 
Che combination, in an electric lamp, of a feed controlling de- 
rived circuit of high resistance, a starting coil or circuit, a spring- 
actuated circuit controller for the latter, and a catch or hook 
moving with the support for the lamp mechanism for engagin 
with said circuit-controller when the armature of the derive 
circuit magnet is in its extreme retracted position. 


440,663. Electric Are Lamp 3; Elihu Thomson and Edwin 
W ilbur Rice, of Lynn, Mass., Assignors to the Thomson-Houston 
Electric Company, of Connecticut. Application filed Jan. 3, 1884. 
The combination. in an electric lamp, of a high-resistance 
derived-circuit magnet, a_ carbon-supporting and feed regu- 
ating mechanism acvuated by sajd magnet in opposition to a 
suitable retractor, a stationary auxiliary or starting coil upon the 
same core with the high-resistance coil, and means for cutting 
out or rendering said auxiliary or starting coil inactive placed in 
& circuit completed through the carbons. ; 


440,664. Method of Electric Lighting; Elihu Thomson, 
cf Lynn, Mass., Assignor to the Thomson-Houston Electric Weld- 
ing Company, of Maine. Application filed May 15, 1888. The 
method of electric welding, which consists in the repeated alter- 


nate application icc 
object to be one . heating electric current and pressure to the 


440,665. Trolley-Arm for Electric Bailways}; Elihu 

in omson, of Lynn, Mass. Application filed March 5, 1889. The 

: a ation consists, essentially, in the combination, with the 

| whi 7 or contact arm and a pivoted supporting-rod or bar to 

fon the said arm is hinged, of a supplemental vod or bar pivoted 

| wine 80 hinged to the Goller or contact arm in proper manner to 
€ or turn in a parallel direction with the first. 
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THE ELECTRICAL WORLD. 


The International Aluminium Works, 36 John street, 
New York, manufacturers under Prof. H. G. Coyles’ aluminium 
electro-plating solutions and anodes, are meeting with excellent 
success in the introduction and sale of their aluminium. They are 
also selling, in connection with their solutions and anodes, com- 
plete outfits for aluminium electro-plating. They make a specialty 
of aluminium gold bronze solution and anodes, and are offering 
county and state rights with no royalty, for the use of other manu- 
facturers. 

Notice of Removal.—The Sebastian-May Company, of Cincin- 
nati, O., announces that owing to the rapid and continued growth 
of its business it has become necessary to obtain larger manufac- 
turing facilities, and for the third time within a period of seven 
years it is seeking larger quarters. These have been obtained at 
Sidney, O., on the lines of the Dayton & Michigan and the Cleve- 
land, Cincinnati, Chicago & St. Louis railroads, where a large tract 
of land has been secured for the erection of suitable buildings for 
the continuance of its business. 


New York and Brooklyn Electric Company, 262 Gates 
avenue, Brooklyn, and 1,872 Columbus avenue, New York, is the 
manufacturer of all kinds of household electrical specialties, as 
well as a full line of medical batteries. The company has lately 
given special attention to the construction, for household, office and 
general use of bells, burglar alarms, annunciators, gaslighters, door 
openers, letter boxes, speaking tubes, etc., etc. A handsome little 
memorandum circular lately brought out by the company has been 
sent us, and contains numerous references from reliable parties. 


Adolph G. Kunkel is working up a good business for W. 
Hackenthal, 21 Beekman Street, New York, in electric current 
counters, for measuring current in any quantity. He is introduc 
ing them through this section, and is meeting with considerable 
success. This meter, as is well-known, received the gold medal at 
the Melbourne Exposition in the fall of 1888 and spring of 1889. It 
measures from a fraction of one ampére to full capacity. A large 
number are in use in the United States and Canada. They have 
testimonials from leading expert electricians of the United States 
speaking of them in the highest terms. 


The Sanford Electric Protector and Lightning Ar- 
rester, made by the National Electric Protector Company, 18 
Broadway, New York City, of which Mr, C. E. Sanford is the man- 
ager, is offering special inducements to agents. The company is 
establishing agencies in all large cities in the United States, and 
requires live men to introduce the protectors. There are thou- 
sands in use throughout the East on telephone lines, fire alarm 
call boxes, telegraph instruments, etc., protecting them from light- 
ning and excessive electrical currents. These instruments will prod 
tect from the smallest current up to 250 ampéres without the use 
of fuse. 

The Electrical Supply Company, Chicago, has issued this 
month the following circular: ‘‘ To whom it may concern: Owing 
to the fact that much of our catalogue matter has at various 
times been copied into publications issued by other electrical com 
panies, we deem it necessary to call attention to the fact that our 
catalogues are t oroughly covered by copyright, which fully pro- 
tects all the descriptive matter, and cuts of articles, as well as the 
general arrangement of both. This being the case, any one who re- 
produces our catalogues by photographic process or otherwise, so 

hat the duplicates appear as injour original books, infringes our 
copyright and lays himself liable to legal action in consequence. 
We have justly won an enviable reputation as the producers of 
carefully compiled electrical trade catalogues, and, in justice to 
ourselves, we cannot consent to an infringement of our legal ard 
business rights without a protest.” 


Messrs. Walker & Kepler, electrical contractors and dealers 
in supplies, also agents for the Edison apparatus, ha,e moved 
from their old quarters at Nos. 106 and 108 South Fourth street, 
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Philadelphia, to a large and finely equipped store opposite the State 
House, 531 Chestnut street. They occupy the first floor and base- 
ment of the building. The store is one of the finest on Chestnut 
street, has a depth of 165 feet and width of 40 feet, and is located on 
the best business street in the city and one suited for their rapidly 
growing business. Adjoining the offices, which are on the first 
floor, they have a large room to be used for the display of fixtures; 
adjoining the fixture room in the back of the first floor is their 
store room, where they carry a large stock of electric supplies for 
all systems of incandescent and arc lights, including a full line of 
the Interior Conduit and Insulati n Company’s goods and also 
electric railway and motor supplies. The basement is used for 
storing goods and for a workshop. Itistheir intention to carry in 
stock everything that may be required in the electric business, so 
that consumers in that part of the country can purchase supplies 
there instead of sending to other cities. Four years ago this firm 
started business ina small room, 10x10, and employed three men; 
to-day they employ 80men. This not only shows the growth of the 
electrical business, but shows the pluck and energy of the young 
men. In addition to being agents for the Edison apparatus they 
are also agents for the Habirshaw white core wire, Detroit Motor 
Company, McCreary Specialty Company, Bergmann Electric and 
Gas Fixture Company, Universal Arc Lamp Company, and several 
other concerns. During the last two months they have sold 26 iso- 
lated plants to mills, hospitals, machine shops and other buildings 
in this city—their latest order being one for three 600-light dyna- 
mos for Messrs. M. R. Muckle, Jr., & Co., to be used in lighting the 
Drexel Institute, now being erected in West Philadelphia. 





Answers to Correspondents. 


Phonograph Cylinder.—I am making an electrical machine 
in which I want to use a hard wax roller, something like the 
cylinders of the Edison phonograph. Can you tell me the com- 
position of such material? é.. 5.8, 

The composition of the Edison phonograph cylinder is kept secret. 
It is the result of a very long series of experiments. If we knew 
exactly in what way you want to use the cylinder, we might be 
able to recommend a material of which you could conveniently 
make it. 

Dr. Hopkinson’s Investigations.—Where can I find the 
papers by Drs. E. and J. Hopkinson which are so often referred to 
as the basis of the modern theory of dynamo design ? 





STUDENT. 

The papers to which you probably refer are those on “ Dynamo 
Electric Machinery,” by Drs. J. and E. Hopkinson, which were 
published in the Transactions of the Royal Society of London, Part 
I., 1886, and may be found in the London Electrician, Vol. 18, pp. 
39, 63, 86 and 175, of Nov. 19 and 26,and Dec. 3 and 31, 1883. The 
same papers may be found in the London Electrical Review, of 
Nov. 14, 19 and 26, 1886. Another paper on ‘‘The General Theory of 
Dynamo Machin s,’ read by Dr. Edward Hopkinson before the 
Manchester meeting of the British Association in September, 1887, 
may be found in THE ELECTRICAL WORLD of Oct. 8, 1887. You 
should also consult an editorial in the London #lectrical Review of 
Nov. 19, 1886, in which a number of references are given to similar 
papers on the same subject. 





Business Notice. 


Battery Cut-out, Cheap.—Sensitive, realiable, never requires 
attention. Gas lighting much improved by its use. Electric Sup- 
ply Co., of 105 South Warren street, Syracuse, N. Y, 


RECORD OF ELECTRICAL PATENTS 


440,685. Electric Cut Out; George Henry Altonand Edwin 
Wilbur Rice, Jr., of Lynn, Mass., Assignors to the Thomson- 
Houston Electric Company, of Connecticut. Application filed 
Nov. 21, 1889. The combination, with two pairs of fuse clips, each 
consisting of spring jaws which project perpendicularly to their 
base so as to present their mouths outwardly, of a fuse-blank com- 
prising a plate of insulAting material having conducting ends to 
which fuse wire is electrically connected, said fuse being adapted 
to be forced into the clips or holders with its conducting ends in 
contact therewith by neaty movemert of such fuse toward the 
plate or support carrying the elips. 


440,686. Electric Railway Car Motor; Isaac F. Baker, of 
Lynn, Mass., Assignor to the Thomson-Houston flectric Com- 
pany, of Connecticut. Application filed July 1, 1889. The inven- 
tion consists in sleeving the motor, or a part attached thereto, to 
the car-axle at one end, and supporting the motor at its opposite 
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No. 440,665.—TROLLEY ARM FOR ELECTRIC RAILWAYS. 


end by means of an elastically-sustained bar or support, which is 
engaged by a lip or projection upon the motor or motor-frame, 
said moe projection being capable of sliding freely on said bar or 
support. 


410,689. Electric Railway Car; Warren 8. Belding, of Chi- 
cago, Ill. Application filed April 71, 1890. The combination, with a 
railway car, of duplex propelling mechanism applied to one of the 
axles of said car, mechanism for atterentery engaging the mem- 
bers of said propelling mechanism with said sxle, a connecting 
rod for controlling said engaging mechanism, and extending from 
one end of the car to the other, a rack-lever at each end of said 
connecting rod for imparting motion to the latter, and a rack at 
each rack: lever for locking said rack-lever. 


440,691. Electric Collector Device or Brush; Harold P. 
Brown, of New York, N. ¥. Application filed June 6, 1890. The 
combination, with a commutator of an electric machine, of a 
brush or contact-maker composed of graphite and clay mixed 

gether. 


440,699. Electric Moters Charles E. Dressler, of New York, 
N.Y. Application filed April 10, 1890. The invention consists of 
a cylindrical field m et provided with pole pieces at each end 
and exteriorly wound with coiled ,insulated wire and a rotary 








armature core in the axis of the field magnet within an inter- 
posed coil of insulated wire and provided,with pole pieces at each 
end, said insulated coils being wound so that field magnet and 
armature when respectively energized thereby form an electric 
circuit have opposite polarity at exch of their respective ends, 
whereby the coninedl energy of the whole of both field magnet 
and armature is exerted attractively at both ends to rotate the 
armature. 


440,700. Electric Motorand Generator; Charles E, Dress- 
ler, of New York, N. Y. Application filed May 12, 1890. In an 
electric motor having a field magnet or magnets, a rotary electro- 
magnet armature, and an induction coil helically w what at right 
angles to the armature’s axis and inductively excited by the ener- 
gized armature, whereby power is transmitted by said instru- 
ment’s rotary shaft, while an electric current suitable for light- 
ing or other work is simultaneously induced in said induction 
cou. 


440,717. Electric Motor Mechanism; Samuel E. Mower, 
of New Haven, Conn., ay ty to Henry G. Thompson & Sons, of 
same place. Application filed May 8, 1890. In an electric motor 
mechanism, the combination, with an axle and a motor having 
its armature secured toa sleeve loosely mounted on said axle, of 
a speed-reducing mechanism consisting ofa disc fast on said 
sleeve, a gear fast on said axle, a gear loose on the armature 
sleeve, a shaft having bearings in the said disc and provided with 
a pinion in mesh with the gear on the axle, and with a gear in 

| mesh with the gear loose on the armature sleeve, a friction dise 
or drum loose on the armature sleeve, and secured to the gear on 
the armature sleeve, a friction strap to engage said frietion disc, 
and means to engage said strap with the said friction disc, 


440,718. Electric Motor Mechanism 3 Samuel E. Mower, 
of New Haven, Conn., Assignor. to Henry G. Thompson & Sons, 
same place. Application filed May 10,1890. In an electric-motor 
mechanism, the combination, with an axle and a mctor having 
its armatures secured to a sleeve loosely mounted on said axle, 
of a speed-reducing mechanism consisting of a gear fast on the 
armature-sleeve, a disc mounted on the axle anc provided with 
arecess on its periphery, a shaft carried by said disc, a movable 
box for said shaft, a gear on the shaft to co-operate with the gear 
on the said shaft, and a gear fast (n the axle, and a friction-strap 
cncisetng the movable box and disc, and means to engage with 
the said disc. 


440,720. Electric Switch; Charles A. Pfluger, of Chicago, Il., 
Assignor tof{David P. Perry. of same place. Application filed 
January 15, 1890. In an electric switch, the combination of a 
main circuit with a local circuit, a moving portion being adapted 
to alternately close the main and local circuits, the said moving 
portion being composed of two vertically-tilting levers insulated 
rom each other and one being longer that the other, the said 
levers being pevqnes the longer midway of its length and the 
shorter one in the same horizontal plane, but at its extremity, 
the said pivoted points being connected to the main-circuit bind- 
ing-posts and the same levers adapted to engage contact-points 
connected with local-circuit binding-posts. 


440,753. Cross-Over Block; Frederick Bathurst, of London, 
Eng. Application filed March 31, 1890. The combination, with a 
pair of main wires and a pair of branch wires therefrom, of a 
cross-over biock lovated at the junction, one of the branch wires 
leading over the top or face of the block toa main wire and the 
otnee mane wire leading underneath the block to the other 
main wire. 


440,759. Apparatus for Flashing Filaments; Hermann 
Lemp, of Hartford, Conn., Assignor to the Schuyler Electric 
Motor Company, of Connecticut. Application filed Feb. 1, 1889, 
An oppagases for Seeking filaments, embodying a circuit contain- 
ing the filament, which is immersed in a hydrocarbon bath, and 
two circuits emanating therefrom, in one of which is contained a 
variable resistance or circuit-controller, an electromagnet in the 
circuit of the other operating to make and break the circuit con- 
taining the variable resistance, 











Pitrick B. Delany, of New York, N. Y. 
1886. The combination of a main Jine, 
-segment over which 
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No. 440,753.—Cross-OverR BLock. 


ceiving end, a distance proportional to the time or retardation of 
the sine sending electrical impulses into the tine at the transmit- 
ting end asthe circuit-completer crosses the segments, and re- 
ceiving such impulses by the time they reach the receiving end of 
the line upon corresponding segments. 


440,776. Electric Motor; Harry B. Pullman, of Cambridge, 
O., Assienor of three-fourths to Charles D. Robbins and Harrison 
O. Patch, both of Washington, Pa. 


Application filed Aug. 16, 
1290. An armature for electric motors, having a counter-balance 
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which is adjustable on the web of the armature to and from the 
axis of the said armature. 


Trolley or Plow for Electric Railways; Ed- 
mond Verstraete, of St. Louis, Mo., Assignor of one-half to Peter 
. Kling and George J. Kobusch, of same place. 
or plow for electric railway cars, 
actuated levers, contact bearings 
carried by the levers, a frame to which the levers are pivoted and 
wires for conaucting the current. (2) 440 
ductor; Application filed Feb. 21, 1890. 
ductor for electric railways, the combination of the sides 
vided with flanges, a top secured 
placed within the housing, consisting of the sides and top, and a 
grooved conductor located within the insulation. 


filed Feb. 21, 1890. 
the combination of the weigh 


780. Underground Con- 
mn an underground con- 


to the sides, an insulation 


oes 





No. 440,768.—MULTIPLEX TELEGRAPHY. 


Overhead Conductor for Electric Railways; 
rt D. Cushing, of Boston, Mass. Application filed Dec. 16, 
1889. The combination, with an overhead conducting wire for 
electric railways, of a bifurcated covering or guard, composed of 
insulated material applied directly to said wire and adapted to 

n and inclose the upper surface of the same and extending 
tudinally and continuously over its entire upper surface, 
leaving its under surface exposed and uninsulated to permit the 
trolley-wheel of the car or carriage to run in direct contact there- 


Push Button 
Application filed 


Hjalmar Von Kohler, of New York, 
ay 31, 1890. A push-button consisting 
of a flat base of non-conducting material having a contact pass- 
ing through the base and atop piece provided 
the outer edges of the base and having a thumb portion 
a top piece, flanges. and thumb portion be- 
iece and connected to the base- 
vices extending through the flanges. 


for Electric Railways; Charles A. Lieb, 
Application filed June 13, 1890, 
hanism, of a trolle 


with flanges em- 


ing formed of a si 
piece by fastening 


of New York, N. Y. 
nation, in trolley mec 


substantially the same 
ions 


pole vertically supported 
ite sides of the base of the pole, and in 
orizontal plane therewith, and connec- 


between the springs and the pole, whereby it is yielding] 
against pressure from all direc . = 





THE ELECTRICAL WORLD. 


440,817. Woke and Brush-Holder; Frank B. Rae, of De 
troit, Mich., Assignor to the Detroit Electrical Works, of same 
place. Application filed eo 9, 1890. A brush-holding yoke for 
electric motors, provided with a collar made in two complemen- 
tary portions connected ther, each portion being somewhat 
smaller than half of the umferenee of the ng therefor, 
and connecting devices between the two parts, whereby = 
oe adjusted with relation to each other round the armature-bear- 
ngs. 


440,821. Electric Motor; Leo Bock, Jr., of New York, N. Y., 
pamgner by direct and mesne assignments to himself and Charles 
L. Wright, of same place. Application filed Aug. 20, 1889. In an 
electric motor to be opera by alternating current, the com- 
bination of a primary circuit wound upon cores within the 
motor, the armature a secondary coils in suit- 
able relation to the snare circuit, switch mechanism controll- 
ing said secondary coils, and a reciprocating armature arranged 
within the secondary coils and actuated thereby. 


440,822. Electric Conduit; William John Brewer, of New 
York, N. Y. Application filed July 15, 1890. The combination, 
with the conduit, of a conductor consisting of two plates of con- 
ducting mate insulated from each other, a rubber tube sur- 
rounding said conductor, and insulated contact-pieces passing 
through the rubber tube. 


440,845. Electric Switch; Charles H. Herrick, of Winchester, 
Mass. Application filed Aug. 19, !890. A switch, consisting of a 
base, fixed contacts thereon, a disc provided with ratchet-teeth, 
a rotatable spindle on which the said disc is mounted to slide 
vertically, and a spring, the rotation of the spindle taking with it 
the disc and moving the same over the said contacts. 


440,881. Signaling Apparatus tor Electric Railways; 
Frank F. Loomis, of Akron, O. Angieation filed March 15, 1890. 
A signaling system for electric railways consisting of an aux- 
iliary wire connected with the feed-wire and provided with elec- 
trically-actuated signaling apparatus, and devices interposed 
along said wire for causing the current from the feed-wire to 
actuate the signaling apparatus. 


440,898. Calling Device for Clock Telephone Lines; 
John A. McManan, of Milwaukee, Wis. ——— ion filed March 
21, 1890. An automatic calling device for telephone lines, consist- 
ing of a suitable clock mechanism carrying a revolving dial plate, 
a series of metallic plates or posts arranged beneath said dial 

late, and each wivel toa jack, which jacks are in turn wired 
together and to a generator or other source of electricity, a cir- 
cuit making and breaking device connected to the dial plate, and 
suitable electric connections between the said generator or source 
of electricity and the said circuit making an 
the said jacks being adapted to be connected 
nary plugs to subscribers’ lines and stations. 


440,906. Electric Railway; Samuel Trott, of Halifax, Cana- 
da. Application filed April 26, 1890. In combination with the 


breaking device, 
by means of ordi- 
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brush-contact of an electric rawey. the conducting wire havin 
inen-oting covering, said covering being spread out over the brus 
in order to form a hood for its protection. 


440,908. Dynamo-Electric Machine and Motor}; Fred- 
erick Vilhelm Anderson and John Owen Girdlestone, of London, 
Eng. Application filed May 13, 1890. In a dynamo-electric ma- 
chine or motor, a frame consisting of four string-pieces, two above 
and two below, in combination with the magnet-cores and pole- 
pieces, the cores being bolted to the string-pieces and the string- 
peeoes bolted to the pole-pieces, whereby all are solidly secured 
together. 


440,925. Railway Signal; Joseph W. Riggs, of Minneapolis, 
Minn., Assignor to the Riggs Electric Traveling Danger signal 
Company, of same place. Application filed Aug. 31, 1859. Ina 
railway signal, the combination, with track-rails and an insulated 
conductor of an electric battery, a circuit-closer connected with 
one of the track-rails and with the conductor, a bridge, and a 
float attached thereto and operating to establish the circuit 
chrouge the circuit-closer when the bridge is endangered by 

ood. 


440,926. Railway Signaling Device; Joseph W. Riggs, of 
Minneapolis, Minn., A or to the Riggs Electric Traveling 
ona 7 Company, of same place. Application filed Sept. 
1 1889, e combination, with track-rails and a conductor, of 
an electric battery, a circuit-closer in electrical connection with 
one of the rails and conductor, a main circuit, and a thermostat 
in electrical connection therewith. 


440,927. Railway Signaling System; Joseph W. Riggs, of 
Minneapolis, Minn., Assignor to the Riggs Electric Traveling 
Danger Signal Company, of same place. Application filed Sept. 
22, 1 The consbinadioe: with a track the rails of which are 
arranged in sections, and to break joints, and are insulated from 
each other at their meeting ends, an insulated conductor, and a 
switch-stand, mechanism contained therein for actuating the 
switch, a contact-piece, and connections for such piece to the track 
and insulated conductor. 


440,934. Ceiling Block; Daniel A. Tompkins, of Charlotte, 
N.C. Application filed Dec. 31, 1889. This invention consists in 
arranging the screws, whose heads hold the main-current wires 
against the contact-strips at an angle to the eunpaing sides of 
said contact strips, instead of parallel thereto, whereby a slight 
ture of the screw may enable the wires to be withdrawn from the 
cut-out. 


440,976. System of Electrical Distribution of Power; 
Charles J. Van Depoele, of Chicago, Ill. Application filed May 10, 
1886, In a system of electrical distribution of power, the combi- 
nation, in an electric railway, of a supply circuit extending alon 
the line and carrying current of substantially constant potential, 
a motor car making a traveling contact with the supply circuit, a 
momentum generator upon the car and in circuit with the main 
line and consisting of an electrodynamic machine connected in 
series and having a field magnet of normal capacity, and a series 
of supplemental field magnet coils all in series with the normal 
field magnet and with the armature, terminals extending from 
the supplementary field magnet coils to a series of insulated con- 
tacts,a movable contact device and means for actuating the 
same to connect more or fewer of the supplementary series coils 
with the field magnet of the machine to vary its electromotive 
force, and thereby to increase or decrease the strength thereof to 
enable the machine to deliver the current of a potential equal to 
that of the line, and means, a)so, for reversi he position of the 
commutator brushes to change the machine from a motor, when 
not performing work, to a momentum generator actuated by the 
momentum of the vehicle, 
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Generator for Pulsating Currents; Charles J. 
Van Depoele, of Lynn, Mass. Application filed April 17, 1890. A 
system of generating currents, comprising a revolving armature 
of the continuous current type rotating in a suitable field of force, 
and means for causing the magnetism of said field of force to rise 
and fall, reacting upon the armature to produce defined rising 
and falling currents therein. 


Train Signal for Ropreeet. William D. Sheldon, 
of vidence, RK. I., Assignor to Nicholas Sheldon, of same place. 
Application filed June 13, 1889. The invention consists in a series 
of electric lamps connected by wires forming the two arms of an 
electric circuit and means for automatically closing the circuit to 
light thelamp or lamps and au Seseationny Hreek ng or opening 
= circuit to extinguish the light or lights by the moving of the 
rain. 


1) Train Signal; William D. Sheldon, of Provi- 
dence, R. I., Assignor to Nicholas Sheldon, of same place. ar 
plication filed September 20, 1889. In a railroad signal the combi- 
nation with the main circuit conductors, a fixed source of electri- 
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cal qnerey an electromotor and an electric light in a circuit 
controlled by the motor connected with one of the main circuit 
conductors of a switeh automatically actuated by means of the 
source of energy to make and break the circuit between the mo- 
tor and the source of energy, a semaphore and operating mechan- 
ism therefor, intermediate the semaphore and electric motor, a 
second switch in the circuit actuated by the movement of the 
semaphore to cut out the motor, and the connections intermedi- 
ate the switch and the electric motor, the whole forming a com- 
plete metallic circuit, whereby, when the switch is actuated, 
the motor is started andgstopped. (2) 441,033. Train Signal 
for Railroads; application filed May 15, 1890. ‘he 
combination, with the track of a railroad and electric lamps 
placed over the track, of an elecric light circuit connected with 
opposite poles of the lamps, a short circuit connected with both 
poles of the lamps in the normal condition, and a section or block 
circuit constructed to break the short circuit to light the lamps 
operated automatically by the passing train. (3) 441,034. Light- 
ing Railroads. Application filed May 15, 1890. The combination 
with a series of electric lamps, one pole of each ef which is con- 
nected with the ground, and a series of lengths of conductor 
wires, one end of which is connected with the opposite pole of 
one of the series of lamps, the opposite ends of the series of con- 
ductor wires secured to but insulated from each other to form a 
single continuous path for the trolley, of the track, the train, a 
generator of een carried on the train, and a trolley or 
wiper constructed to light a lamp or lampsin advance of the 
moving train and extinguish the same. 


441,043. Underground Wire System}; 
straete, of St. Louis, Mo., Assignor of one-half to Peter M. Kling 
and George J. Kobusch, of same place. Aggnenion filed Feb. 21, 
1890. In an underground system for wires, the combination of the 
supporting bars, strips secured to the bars and provided with 
notches to receive the wires, and blocks placed between the outer 
and inner ends of the strips. 


441,044. Electric Railway Signal; William H. Waddell, 
of Lexington, Va. Application filed Oct. 21, 1889. In an electric 
railroad signal the combination, with a vehicle and a conductor 
along the track, of a tubular bracket carried by the vehicle, hav- 
ing a metal brush on its lower end bearing on the conductor, and 
the wire from the brush extending up the interior of the bracket. 


441,059. Incandescent Electric Lamp Socket; James 
Walter Collier, of New York, N. Y. Application filed Nov. 16, 
1889. An incandescent lamp socket or holder made from a plastic 
non-conducting material, such as hard rubber, having solidly 
molded and embedded in it the holder-contacts and the circuit. 
wires for connecting said contacts with the outside circuit, said 
holder having a solid hermetically closed base, through and 
beyond which project the said circuit wires around which the 
body of the holder is molded. 


441,060. Process of Magnetically Concentrating Ore ; 
Gurdon Conkling, of Glens Falls, N. Y. Application filed Oct. 
12, 1889. The process of concentrating iron ore, which consists in 
first crushing the ore toa size required by its natural granular 
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formation without reducing any considerable proportion of the 
ore to dust, then concentrating the ore by the action of the mag 
nets, then screening this to separate the richer ore, then recrush- 
ing the ore refused by the screen, and finally concentrating the 
recrushed ore by the action of the magnets. 


441,066. Therma) Protector; Hammond V. Hayes, of Cam- 
bridge, Mass., Assignor to the American Bell Telephone Com- 
pany, of Massachusetts. Application filed July 17, 1890. A thermal 
circuit-changing protector or cut-out, comprising a movable 
switching-arm or contact-piece tending to connect an alternative 
with a main circuit, but normally maintaining disconnection, & 
stop oF holder therefor formed wholly or in part of easily fusible 
metal, alloy, or like material, holding the said switching-arm in 
its normal or disconnection position, and a heat-concentrating 
device comprising a high-resistance coil or wire wound on 4 
metal bobbin, whereby the heat developed in the said main circuit 
by an electric current of undue strength traversing the same 
may be concentrated at one point, said bobbin serving to conduct 
the said heat to the said stop or holder, whereby the said stop }5 
fused or softened, permitting the release of the movable switch- 
ing-arm, which thereupon connects the alternative to the said 
main circuit. 





ne the gpecthentions and drawings complete of any pater 


issued since. 
ent desired 
uilding, N.Y 


in this record—or of any other pate 
Give date and number of 









